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Cooperative 
research 


covers this wide range of products 


SHAFT-TYPE OlL SEALS More than 20 types, forming over 7,500 size combina- 
tions for shafts from ™%4” to 50” O.D., are available — thousands from stock. 
These seals are used for the vast majority of shaft sealing problems from simplest 
dust exclusion to high-speed, high-temperature fluid retention and foreign 
matter exclusion under extremely rugged operation where high sealing efficiency 
must be maintained over long service life. 


END FACE SEALS For critical sealing problems outside the capabilities of 
shaft-type seals, there are C/R End Face Seals, which operate on the principle 
that two smooth, flat surfaces, one rotating on the other at right angles to th« 
shaft, form a leakproof seal. They require minimum pressure to maintain fac: 
contact, create minimum friction, heat and power loss, and give unsurpassed 
performance under the most severe conditions. 

Typical applications of C/R End Face Seals include: sealing track rollers of 
crawler tractors; sealing high-speed accessory drives in aircraft; sealing medium 
speed applications such as gear cases of washing machines, dishwashers and 
similar home appliances. 


SIRVENE SYNTHETIC RUBBER PRODUCTS’ The advanced level of compound- 
ing and molding elastomers and special materials to critical tolerances achieved 
by C/R Sirvene Engineers is a widely established fact. They will design, com- 
pound and produce a part to your exact specifications of hardness, elasticity, and 
resistance to aging, temperature, oils, solvents or chemicals — with dimensional 
unifcrmity and consistent high quality, regardless of quantity. Holding to 
extremely close tolerances is standard procedure. A typical list of products 
includes oil seal packings, diaphragms, cups, boots, gaskets, plugs, impellers, 
valve inserts and way wipers — to name but a few. The experience and facilities 
available to you from C/R’s Sirvene Division are unrivaled in the industry 


SIRVIS-CONPOR MECHANICAL LEATHER PRODUCTS The typical range « 

mechanical leather products includes oil seal packings, cups, boots, washers, 
gaskets, couplings and valve discs, but encompasses any part wherein high 
tensile strength, flexibility, high resistance to pressure, wear, shock, and vibra- 
tion are desired. Cups of C/R’s Conpor impregnated Sirvis leather products 
are operating at pressures up to 10,000 p.s.i. They are insoluble in most hydraulic 
oils and compatible with a wide range of other oils, solvents and gases. C/R 
boots of Sirvis leather, canvas, nylon or clastomer impregnated fabric can be 
produced in sizes two stories high or not bigger than your thumb for use in the 
protection of eccentric, universal or reciprocating action. Whatever your sealing 
or protection problem, bring it to Chicago Rawhide. C/R Engineers are con- 
stantly developing new mechanical leather designs for special and universal 
application. 


Please write direct or contact your nearest C/R sales engineer about your problem in fluid sealing or related fields. 


oda i ier Vciome 20's, iio) -me FY ely Vek gel i). ici ote m 
Offices in 55 principal cities. See your telephone book 


In Canada: Chicago Rowhide Manufacturing Co., Lid., Hamilton, Ontario 


Export Sales: Ge« er Corp., Great Neck, New York ¢ ‘ Cc H I CAG O 
C/R Products: C/R S und End Face Seals * Sirvene (synthetic rubber) molded ports * Sirvis-Conpor RAW H }eop > 


mechanicol leather cups 7 ots * C/R® Non-metallic Geors * C/R Rawhide and nylon hammers 
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_. Air Control Valves __ 


Send For 3 


“ee ¢e 


FREE FILE §f 


of new valve data 


A new valve series to help you solve thousands of design problems, 


e “a ete etter ete erereres 


ere 


use air more effectively, get the benefit of parts interchangeability! 
t’s the ROSS Starline Series. Over 500 valve models. In-line or 
ase mounted, solenoid or air activated. 14” through 114” sizes. 
Buth standard and JIC construction. Write for free data file! 


A galaxy of new air-control stars are coming your way from 
ik O§S OPERATING VALVE CO. 





114 E,. GOLDEN GATE AVE., DETROIT 3, MICHIGAN 


LT-E CIRCUIT BREAKER—KD (3,000 amp. rating) 
showing progressive assembly with Revere Copper 
and Aluminum Extrusions in place. |-T-E Circuit 
Breaker—KE is same type with 4,000 amp. rating. 


. 


ALUMINUM 


for economy 


COPPER 


« for conductivity 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills; Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton 
and Joliet, Ull.; Detroit, Mich.; Los Angeles and Riverside, 
Calif; New Bed,ord, Mass.; Newport, Ark.; Rome, N.Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 


—form a Money-Saving 
team in latest 


CIRCUIT BREAKERS 


LTE” 


| 


Revere T. A. Service an Important Factor 
in Ultimate Design of Parts 


The larger of the two extruded and drawn copper shapes 
shown at extreme left started out on the drawing board as two 
pieces. It was thought that a single shape of this size could 
not be made satisfactorily. At this point, I-T-E Engineers got 
together with Revere’s T. A. (Technical Advisory) Service and 
threshed things over. The final result is the one-piece extrusion 
shown and a reduction in machining time 


Aluminum was selected for the other extrusion shown because 
I-T-E found that it cost less per pound of metal and had a 
higher strength ratio when compared to a casting. Also, space 
was a factor. In all, Revere supplies 5 copper and 2 aluminum 
extrusions for KD and KE type I-T-E Circuit Breakers. All 
were designed to fit specific requirements of I-T-E Engineers. 
Where it could be used satisfactorily, aluminum was applied 
because of economy, while current carrying members called 
for copper 


This is still another example of Revere supplying the metal 
that will do the best job and with the greatest economy .. . 
be it aluminum, copper or any one of their alloys. So, with 
new things happening all the time in non-ferrous metals it can 
pay you to keep in close touch with Revere. 


Product Engineering — January, 1957 





Product Engineering 








obe 


JANUARY 1957 Vol. 28 No. | The McGraw-Hill Magazine of Design Engineering 


Choosing Equipment for Drawing Reproduction . Arthur W. Tabe 135 
Comparison of printing and photocopying machines as related to needs of medium 
sized engineering department 

Fluidized Plastic Coatings for Corrosion Resistance J. A. Neumann, F. J. Bockhof 140 


Powder dip process for intricate parts; mechanism of fluidization, coatings available 


. ° 
Design Features in New Products 
Stepped piston in air Compressor; carburetor operates in any position; friction trans 
ports dictation tape; shot-peened gears in transmission; higher, safer tractor shovel; 
micrometer counts light fringes; orbital motion mechanism in saw; cam drives index 
ing table; hydrostatic bearing for thrust, radial loads; coupling-rod assembly 


Grooves for Retaining Ring Assemblies Hugo Wurzel 
Function of groove, relation to retained part; how to cut grooves properly, effects of 
improper grooving. 


Magnetostriction: A New Design Tool.. Edmund M. Wi 


Materials, performance characteristics, design factors, applications for method of 
} f g PI 
generating large static forces or small displacements 


Controlling Temperature Rise in Induction Motor Drives Charles C. Libby 


Significance of temperature rise; effect of duty cycle, braking methods, base speed 


and load inertia on motor temperature; improving ventilation and cooling in re 


stricted spaces; factors limiting overload; speed sensitive loads and mechanical limita 
tions. 


Clock-Escapement Mechanisms oe 


Analysis of balance-wheel and run-away clock escapements; formulas, curves and 
typical applications, including timers, regulators, accelerometers, velocity indicators 


Design Hints for Laminated Plastics... or George A. Ebelyare 
Some of the special considerations involved in using materials combining thermoset- 
ting resins with laminar fillers. 


Glass-to-Metal Seals : Thomas H. Mariner 


Five types of seals, factors involved in selection; alternates to gasketed assemblies. 


Limitations on Cam Pressure Angles....... Harold A. Rothbart 
Selection of maximum angle based on forces acting on cam followers 


Hydraulic Control Valves—Part II ; John J. Pippenger 


Construction details, operational idiosyncrasies, drainage, circuit applications of pres 
sure control valves of counterbalance, sequence, unloading, pressure reducing types 


A New Oil-Less Bearing Material ...+e++.John D. Shaw and Walter V. Knopp 
Characteristics, advantages and limitations of full density graphite-metal powder 
combinations, self-lubricating at extreme temperatures and pressures 


Reducing Trial and Error in Compression Spring Design J. J. Intintolo 
Graphical method for obtaining boundary of acceptable spring dimensions, based on 
variables of spring design. 


Stress Cycles in Planetary Gears..... Lloyd E. Iversen 
Tabulation of four types of gear trains, with formulas for stress cycles and speed and 
torque ratios for certain conditions 


INTERESTING TO NOTE TECHNICAL NEWS ......... ;, ENGINEERING ABSTRACTS 
DEVELOPMENTS TO WATCH. 9 COMING EVENTS nied NEW BOOKS 
DESIGN PERSPECTIVES ....129 NEW COMPONENTS AND MATERIALS. . READERS’ LETTERS 
EDITORIAL CATALOGS AND BULLETINS eas PRESS PREVIEWS 
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How Armco 17-4 PH Stainless Steel 
Gives these Motor Shafts Longer Life 


Outboard motor manufacturer uses 17-4 PH Stainless because of its 
combination of high strength and corrosion resistance. 


Before development of Armco 17-4 PH Stainless Steel, best 
naterial for these vital outboard motor parts was one of the 
standard hardenable stainless grades. 

Now, made of 17-4 PH, the shafts not only have a higher 
yield strength but better corrosion resistance as well. Accord- 
ing to company officials, Armco 17-4 PH provides a finished 
product that lasts longer, especially in salt water service. In 
addition, their shop men like the excellent heat treating 
characteristics of the material. 


Improve Your Products With 17-4 PH 


Armco 17-4 PH Stainless Steel offers you a corrosion re- 
sistant steel that can be hardened to a typical tensile strength 
of 200,000 psi by a simple, low temperature heat treatment. 
It resists corrosion better than standard hardenable stainless 
grades. Hardening is done at only 900 F for 1 hour, pro- 
duces no distortion or scale. Machining and fabricating 
properties are good. 

Armco 17-4 PH Stainless Steel is available in a wide 
range of sizes of bars, wire and billets. Armco 17-7 PH, a 
companion grade with similar properties, is produced in 
sheets, plates, and strip as well as bar and wire. 

Drive Shaft 


Put the performance-improving and cost-cutting ad- 
vantages of these stainless steels into your products. Fill 
out and mail the coupon for complete information. 


Armco Steel Corporation 
847 Curtis Street, Middletown, Ohio 


Please send me design and fabricating information on: 
[} Armco 17-4 PH Stainless Steel 
Armco 17-7 PH Stainless Steel 


We manufacture 
Name 

Company 

Street 


Zone State 


ARMCO STEEL. CORPORATION 


847 Curtis Street, Middletown, Ohio 


Sheffield Steel Division, Armco Drainage & Metal Products, Inc., The Armco International Corporation 


+ 
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27” x .562” 0.D. 
17-4 PH Stainless 
Steel 


Propeller Shaft 
7%” x .625” 0.0. 
17-4 PH Stainless 
Steel 


ay, 


BRMCO | 
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THIS MONTH'S COVER 


Reproduction of an original Terrence Cuneo 
painting showing the testing of a magnetic alloy 
at an International Nickel laboratory. The instru- 
ment is a Sucksmith magnetic balance for measur- 
ing forces developed in a magnetic field through 
the use of a torsion balance. For a thorough- 
going discussion of magnetostriction as a design 
tool, see page 162 
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Interesting to Note 








How the Thermometer Got Its Degree 


NTIL a few centuries ago the question “how hot is hot” 
was as ambiguous as “how high is up.” Lord Kelvin, 
creator of the Kelvin scale of temperatures once said, “We 
know nothing about a thing until we can measure it and 
express it in numbers.” ‘The problem of bringing the semantic 
description of a temperature to a numerically expressed measure- 
ment dates back to Fahrenheit, when in 1714 he presented us 
with the still-used mercury thermometer 2nd its scale. How- 
ever, several years before Fahrenheit announced his thermome- 
ter, Sir Isaac Newton worked with the problem of thermometry 
using a tube filled with linseed oil. ‘The starting point of his 
scale was the temperature of the human body; Newton called 
this point 12. Fahrenheit experimented with Newton’s scale 
but found it too restricting, so he arbitrarily multiplied New- 
ton’s point of 12 by 8, thereby designating the temperature of 
the human body as 96. Fahrenheit then placed his thermome- 
ter in a mixture of snow, ice, and salt and labeled the resulting 
reading zero. The scale thus established gave a reading at the 
32nd mark as the melting point of ice and the 212 mark as 
the boiling point of water. It was Anders Celsius, a Swedish 
astronomer, who first proposed making the interval between 
the formation of ice and steam 100 divisions. Hence, the 
Centigrade scale. 

Today we have thermometers which can record the body 
temperature of an ant, the surface temperature of the sun, 
or the temperature of a candle flame more than a mile away. 
Exacting too, is the control of temperature rise of electric 
motors, the subject of an article appearing on page 167 


Whistling in the Dark 


N a Paris street corner in the year 1839, a man paused to 

have his shoes brushed. Unbeknownst to him, a box- 
shaped object was being pointed at him from the attic studio 
of Louis Jacques Mande Daguerre. Many minutes later, that 
stranger became the first man in history to have been photo- 
graphed. From those pioneer days great strides have been 
taken in the science of photography. One of the most inter- 
esting involved not a scientist, but two musicians. 

Leopold Godowsky, son of the great Viennese pianist, and 
a polished violinist in his own right, together with Leopold 
Mannes, also the son of a distinguished musician and himself 
a student of the piano, mutually shared the same interests: 
music and photography. 

In 1922, the two young men were proportioning their time 
between music and their interest in color photography. They 
first tried to produce color pictures by using a camera with 
three lenses and three filters, one for each of the three primary 
colors and forming a single image upon a photographic plate. 
Although working in the right direction their method wasn’t 

(Continued on page 7 
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This angular gear arrangement drives both a blower and a pump on a twin rotor 
helicopter. Gleason engineers made design and production recommendations and pro- 
duced prototypes for the manufacturer. 


Combination: 18 x 34 x 41; D.P. :7.56; Face 4%"; Tooth Spacing—within .0003”", 


You can solve your angular power 


transmission problems, too! 


The designers of this gear unit 
achieve greater flexibility within a 
limited amount of space by placing 
the drive shafts at an angle and using 
one source of power to drive two 
auxiliary units. 

Perhaps a similar gear drive would 
make your product designs more flex- 
ible. Such bevel gear driv-s permit a 
more compact design requiring less 


weight and the ability to carry higher 
loads. 

Our engineers are ready to help 
you work out applications for bevel 
and hypoid gears—just as_ they 
helped the helicopter manufacturer 
with the design illustrated above. 

We recommended the proper gear 
sizes and reviewed the mountings and 
lubrication for the drive. Then we 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3,N. Y. 


produced and tested prototypes of 
the unit. 

If you would like to discuss an 
application with one of our repre- 
sentatives, please write. You will also 
find these Gleason Technical Hand- 
books helpful: 20° Straight Bevel Gear 
System; Spiral Bevel Gear System; 
ZEROL Bevel System. 








Interesting to Note .... 


satisfactory. The team was eventually invited to join 
the research department at the Eastman Kodak Co. 

They accepted eagerly and in 1931 went to Rochester 
and again divided their time between color research 
and their love for music. ‘Though they found harmony 
in their music, life in the laboratory was hard. Their 
associates referred to them as “those musicians” when 
they timed their darkroom experiments with great 
accuracy by whistling Brahms’ C-Minor Symphony at 
the speed of two beats to the second. After continued 
work, they achieved a three-color process, in which three 
layers of emulsion are used to blend the primary color 
in proper proportions. In 1935, the process was given 
to the public and called—Kodachrome. 

A review of present day methods for reproducing 
drawings begins on page 135. 


Big Ben 


§ pers pride of England and a masterpiece of horologi- 
cal engineering, “Big Ben” rests in the Palace of 
Westminster some 320 ft above the streets of London. 
The giant clock was conceived by Charles Barry in 
1835 as a part of the new Houses of Parliament replac- 
ing the buildings destroyed by fire the previous year. 
The clock was originally designed and partially con- 
structed by Benjamin L. Vulliamy. However, when a 
rival clockmaker, E. J. Dent. appealed to Parliament to 
allow him to complete the construction of the “dream 
clock,” the matter was discussed so heatedly that Parlia- 
ment demanded an open competition. After a long 
bitter controversy, it was \decided that Edmund Deni- 
son and E. J. Dent be allowed to finish the great 
clock. Denison designed the now famous “double 
three legged gravity escapement” which is still incor- 
porated in turret clocks of today. The clock, com- 
plete with four quarter chime bells and a 13-ton hour 
bell, went into operation in 1859, 

Naming of the clock was the next problem con- 
fronting Parliament. After days of debate, Sir Benjamin 
Hall, a man of immense physique, and affectionately 
called “Big Ben,” delivered a long oratory proposing 
the name of St. Stephen. When he concluded, a 
perturbed member of the house shouted, “Why not 
call it BIG BEN and have done with it?” The House 
was overcome with laughter and Big Ben it became. 

Further material on escapements for today’s clock 
mechanisms may be found on page 179. 


Bottles by the Billions 


( ~ of the commonest household accouterments 

is the glass bottle. Today, America’s glass con- 
taincr manufacturers produce 19-billion of them yearly 
in all sizes, shapes and varieties. It wasn’t too many 
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centuries ago, however, that the glass container was a 
priceless possession. In Egypt four thousand years back, 
only a bottle made of glass was suitable for a queen’s 
rare cosmetics; at elaborate funeral ceremonies, tiny 
glass phials were used to catch the tears of mourners. 

According to the Roman historian, Pliny, glass was 
invented by Phoenician sailors when their beach fires 
accidentally heated up the sand. Farly bottle making 
was a most tedious task. The craftsman would dip a 
long metal rod into a cauldron of molten glass, extract 
a thin strand and wind the threads of glass around a 
mold of sand. Around 100 B.C., an Egyptian tried 
blowing into a hollow tube and produced the first glass 
bubble. From that point, the bottle became an im- 
portant item of commerce. The 17th century glass- 
blowers of Murano, Italy, were famous for their skill 
and design. A bottle that failed to meet their high 
standards was called a “fiasco” and discarded. (Today, 
the word “fiasco” means “bottle” or “flask” in Italian 
and “failure” in English.) 

Glass has found many industrial applications, but the 
sealing of glass to metal, is still a problem today. An 
article dealing primarily with hermetic glass to metal 
seals appears on page 188. 


Before the Lindy Hop 


N May 21, 1927, Charles A. Lindbergh achieved 

international glory for his solo flight across the 
Atlantic. Yet not many days before, his name was 
virtually meaningless. When he piloted “The Spirit 
of St. Louis” to Curtiss Field, Long Island, from St. 
Louis, he was over the airfield at the same time Cdm. 
(now Rear Admiral) Richard E. Byrd was scheduled to 
land at adjoining Roosevelt Field. A third plane, that 
of the Pioneer Instrument Co., containing company 
president Charles Colvin and a photographer from the 
New York Daily News, was also airborne at this time. 
The News photographer wanted to obtain aerial pic- 
tures of Byrd before he landed. After taking his pic- 
tures, the photographer's attention was called to Lind- 
bergh’s plane in the distance. Mr. Colvin suggested 
that some pictures also be taken of “The Spirit of St. 
Louis” before it attempted its famous flight to Paris. 
The photographer however, believed that Lindbergh 
was nothing more than a friend of Colvin’s and refused 
to take any “personal pictures.” 

Charles Colvin, now director of the Colvin Labora- 
tory, East Orange, N. J., was responsible for outfitting 
Lindbergh’s plane with its complete instrument panel. 
For the first time an earth inductor compass which 
relies on the earth’s magnetic field was tried and proven 
successful in transoceanic aerial navigation. 

Other navigational instruments using magnetic princi- 
ples have been highly developed. Sonar, for example, 
uses the principle of magnetostriction. An article dis- 
cussing magnetrostriction as an industrial design tool 


appears on page 162. 





More Weight 


in Less Space 


with Mallory 
1000 Metal 








In Canada, made and sold by Johnson Matthey and Mallory, Litd., 
110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices «+ 


Electrochemical — Capacitors «+ 


Metallurgical Contacts «© Special Metals *« Welding 


Vibrators 
Mercury and Zinc-Carbon Batteries 


Materials 


HATEVER the nature of your assembly—gyro- 
W scope rotors, counterbalances, balancing 
weights, or similar mass components— you can get 
more weight into less space with Mallory 
1000 Metal. 


Mallory 1000 has a density of 16.96 gm/ec—twice 
that of brass or steel, and is far stronger than lead! 
It features ready machineability—even to a high 
surface finish. 


More weight in less space means real savings in 
several ways. For example, housings can be made 
smaller—thus overall assemblies become smaller 
for a savings in cost and weight. Mallory 1000 
Metal provides exceptionally high inertia in a 
smaller space, increasing the sensitivity of gyro- 
scopic or balancing action, yet reducing the overall 
unit size. 


Complete information on Mallory 1000 Metal 
specifications and applications may be had on re- 
quest. Write today. 


Expect more...get more from 





-MALLorY 


MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Developments 





To Watch 


... than the 18-8 stainless, is reported to have a tensile strength that is twice as 
great and a yield strength which is three times that of the 18 Cr-8 Ni stainless steel. 
Composition of the new stainless is 25 per cent Chromium, 5 per cent Nickel, 3 
per cent Copper, 2 per cent Molybdenum, and a low carbon content, with 0.04 per 
cent considered a maximum. Originally developed to equal the corrosion resistance 
of the 18-8 stainiess, the new alloy is more corrosion resistant, and twice as hard in 
the non-hardened condition as 18-8. The alloy can be aged by heating in a tempera 
ture range of about 700-900 F. Tests at room temperature showed a Brinell Hard 
ness of 321; a yield strength of 120,000 psi; a tensile strength of 140,000 psi; and an 
elongation of 16 per cent. Called CD-4 MCu by the Alloy Casting Institute, the 
new stainless is for medium and slightly elevated temperatures (about that of 18-8), 
and at present should not be considered for high temperature applications. For 
handling such acids as nitric acid, it is as good as 18-8. Its seizing and galling chat 
acteristics are good, and its machinability either annealed or hardened is better than 
18-8. Developed at the Ohio State University Research Foundation, the new alloy 
has yet to be tested for its weldability, workability. 


ALUMINUM HAND FORGINGS WITH LOW INTERNAL STRESSES 

. .are possible with a new tempering process announced by ‘The Aluminum Com 
pany of America, 1501 Alcoa Bldg., Pittsburgh 19, Pa. Advantages are reported to 
be reduced machining and straightening time, with a consequent reduction of pro 
duction costs. Called the T65 temper, the new treatment has been applied to hand 
forging ard rolled rings in alloy X7079. Internal stresses are said to be substantial 
reduced and warpage from machining lessened in contrast to the T65 temper, al 
though the mechanical properties of the two are the same. A machined hand forg 
ing in alloy X7079-T'65 shows about the same warpage found in stretched plate and 
extrusions. ‘Ihe new process is based on precision controlled cold reduction, follow 
ing solution heat treatment. Alcoa is offering these hand forgings and rolled rings 
in sizes up to 6 in. thick and 72 sq in. cross section. The company hopes to extend 
the T65 temper to other alloys, and is presently trving the new treatment to stres: 


relieve die forgings. 


BALANCE MECHANISM LIKE ‘THAT IN THE HUMAN INNER EAR .... 


. will be used to detect the slightest variation in the position or speed of a 
missile or manned aircraft. Developed by Northrop Aircraft, Inc., 1001 E. Broadway 
Hawthorne, Calif., the instrument weighs slightly more than one ounce, is mad 
of glass tubing, and even resembles the convolutions of the inner ear in shape 
Twin tubes of glass are joined together at the bottom by two smaller glass tubes 
Inside, an electrolytic solution covers tungsten electrodes which are fused into the 
glass material. ‘The electrodes are connected to a Wheatstone bridge circuit. Sig 
nal voltages caused by deviation in course are transmitted to the guidance system 
which starts corrective controls. Housed in a temperature controlled capsule t 
maintain constant values, the device is used primarily in missiles and aircraft, and 
can be used as a vertical-sensing mechanism in military weapons, automatic pré 
cision leveling in survey operations, and has potentials for seismographs 

(Contimued on page 10 
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Developments to Watch 


SHEET STEEL IS BEING CAST .... 


.. . by a method which eliminates all of the steps between the converter and the 
sheet rolling mill. Just announced by Russia, the process is a combination of 
continuous casting and rolling. It starts with the pouring of the molten steel into 
a graphite funnel that spreads the steel over the required width. The molten steel 
reaches two water-cooled rollers, the lower one being greater in diameter and 
mounted below the funnel. The smaller diameter upper roller is mounted farther 
away from the mouth of the funnel to permit a better spread of the material on 
the lower roller. The difference in temperature between the hot steel and the 
cooled rollers brings about a crystallization of the steel first on the under side 
by the lower roller then on the upper side by the second roller. The coarse-grained 
material is cut into piles of sheets, which are given a heat treatment before the 
trimming and surface treatment stages. The heat treatment, where the primary 
cementite is changed to graphite, is accomplished at 1850 F, and requires about 
three to four hours for a stack of 500 sheets. The second part of this process is 
the slow cooling off to 1200 F.. Compared to the cast sheets, warm rolling of the 
steel sheets requires machinery 9 times that needed for cast sheets; electric energy 
needed is 12 times more; primary fuel needed is 8 times greater; and metal 
consumption is 25 per cent higher. 

This cast sheet material is reported to have good plasticity, and with 7.1 grams 
per cu centimeter, has less weight than a comparable volume of steel. ‘The alloying 
elements of the cast sheet material are: 1.5 to 1.8 per cent silicium, 0.5 to 0.8 
per cent manganese, not over 0.05 per cent each of sulphur and phosphorus. The 
thickness of the finished sheets ranges between 0.0197 and 0.0468 in. 

The material is being used for roofing and machine fabricating and can be 
welded and bent 180 deg at a bending radius of 0.118 in. Adaptable to electrical 
appliances, its resistance is 3.5 times greater than that of steel sheet material. 


ENGINEERS EARNED 8.6 PER CENT MORE IN 1956.... 


. .. than they earned in 1955 according to a survey of engineers and other pro 
fessional employees made by the American Management Association. ‘The 
majority of the companies surveyed said they gave salary increases to their technical 
and administrative personnel during the period of the survey. This 8.6 per cent 
over-all average increase for this group compares with a 4.5 per cent increase fot 
the previous year. The percentage rise in engineers’ salaries from 1955 to 1956 
is higher than that shown for any of the other executive and specialized groups 
The report showed that engineers with less than one year of experience are earning 
a median salary of $5300 a year, regardless of the area of specialization. The next 
higher category of engineers, with experience ranging from one to three years, has 
a median salary of $6500 a year. The survey is part of a continuing series to report 
salary ranges for specific “exempt” jobs in business and industry (exempt from 
compulsory overtime penalty pay provisions of the Fair Labor Standards Act). 


LOW WATER ABSORPTION OF A NEW FRENCH PLASTIC... . 


. makes it a good electrical insulator in the low and medium frequencies and 
voltages regardless of the surrounding conditions. Called Rilsan, the plastic is 
of the polyamides class and absorbs less than 1 per cent of water. Most polyamides 
absorb up to 10 per cent. The melting point is 364 F, and the plastic will stand 
a prolonged temperature of about 285 F without ill effects. For continuous opera- 
tion, the maximum temperature should not exceed 212 F, and the minimum 

(Continued on page 13) 
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Small Gearing for many vital applications. G. S. PA 


GROOVES, as pictured here, successfully insulate vibrations 


2 7 . 
e. + 
Specialties Inc of worm and gear teeth from reaching the shaft. Ultra smooth, 
; 7 ? — operation "Wee than ever assured by the use of 
: Gears. * er YOUR Gearing problem, you 
2635 WEST MEDILL AVENUE can depend upon G. S. research and engineering to lend 
CHICAGO 47, ILLINOIS powerful aid in reaching a successful solution. Here, you can, 
without cost or obligation, draw upon experience gained 
through 40 YEARS <i specialization in the design and mass 
SPURS © SPIRALS * MELICALS © BEVELS © INTERNALS production of better Sma'' Gearing exclusively. Send drawings 
WORM GEARING * RACKS * THREAD GRINDING and particulars today. Get the ONE best and most economical 
application for the job! * 
WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


OF FRACTIONAL HORSEPOWER GEARING i 
, SEND FOR FREE 222°; 222. 22:02 
Guide. It describes 80 types 


and applications. Contains useful charts . . a valuab/> aid to 
anyone interested in Small Gearing. Use company letterhead, 
please. No obligation, of course. Write today! 


10 Yours of cfeciaying in hnall Geaing! 


| 


| 


FRACTIONAL Hon. 
+ 
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E SPACE AND COSTS...TRANSMIT UP TO OR OVER 


) HP WITH THE NEW 
‘sfmer XX HEAVY DUTY 


1%" PITCH 


“TIMING” BELT DRIVE 


TO HELP YOU COMPARE a Gilmer XX Heavy Duty “Timing” Belt drive with 
the four other common forms of power transmission of equal capacity, 
a power transmission engineer offers his recommendations based on 
published application and load ratings, for the following: 


A 300-HP drive (at 1160 rpm. ) including application factors 
3.00: 1 speed reduction 
Approximately 50” center distance 





Here, complying with minimum pulley sizes and other practices commonly observed, are his recommen- 
dations (with approximate comparative cross sections of space occupied by each drive): 





“TIMING” BELT DRIVE 

Belt: XXH “Timing” Belt 10” wide by 160” 
e L “a V-BELT DRIVE 

Motor Pulley: 9.549” P. D. (24-groove) 14%4"- ee Belts: 10 Super Service “D’’-Section V- 
pitch = Belts (DP-225) 

Driven pulley: 28.648” P. D. (72-groove) 144”- Motor — » 0” P. D. x 10 D-groove, 
pite’ : 14% de 

Belt speed: 2900 feet per minute ; Oriven pulley: 54.0” P. D. x 10-groove, 


4%” wide 
Belt speed: "5380 feet per minute 


GEAR DRIVE 


Herringbone gear speed reducer with 
3:1 ratio. (A typical reducer of re- 
quired capacity weighs 1440 Ib., 
measures 33” long, 26%” high and 
19” wide.) 














FLAT BELT DRIVE 
ROLLER CHAIN DRIVE Belt: 21” wide x 8-ply x 18’ 4” long 


: v "pi ag Motor pulley: 18” 0. D. x 23” wide 
mer eo et = Bees : Driven pulley: 54” 0. D. x 23” wide 
Motor sprocket: 7.979” P. D. (25 teeth) Ae ; Belt speed: 5380 feet per minute 
Driven sprocket: 23.880” P. D. (75 teeth) ie Sas 
Chain speed: 2380 feet per minute 
(Requires Type #3 lubrication with oil-tight 
case for sump pump) 














Sin c— In cost and in weight the “Timing” Belt drive also has a big savings 
. advantage. Ask your NYB&P-Gilmer Distributor for the figures. 














_) America’s Oldest Manufacturer of Industrial Rubber Products, 
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Developments to Watch 


65 F. Electrical insulation resistance after submersion in water for 24 hr is 
| x 10'* ohms/cm; after 4 days at 80 per cent relative humidity, 3 x 10" ohms/cm. 
Dielectric strength for Rilsan 0.120 in. thick is 425 v/mil; 0.020 in. thick, 1000 
v/mil; and 0.004 in. thick, 1600 v/mil. In the unstretched condition, like a mold 
ing or a cable coating, the plastic has a toughness of 10,000 psi, a maximum elonga 
tion of 200 per cent, and a resistance to compression of 16,000 psi. Coefficient 
of friction is 0.11 to 0.18. Rilsan’s molding characteristics are good, and the 
material is adaptable to most injection machines. It may be extruded in tubes, 
sheets, or tapes, transparent or colored. Thermal conductivity is 7 x 10" cgs. ‘The 
plastic is manufactured by Organico, Paris. U.S. representative is Rilsan Corp., 
I'he John Hancock Bldg., Boston 16, Mass. 


ELECTRODEPOSITED PROTECTIVE COATINGS ON TITANIUM. . . . 


AND IN ADDITION .... 


. is expected to expand the metal’s high temperature applications. ‘The process, 
as developed by the National Bureau of Standards, Washington 25, D. C., involves 
the forming of a titanium fluoride film on the metal surface, electroplating with 
chromium, and heat treating the plated specimen at 1475 F. As poor adhesion of 
the coating is blamed on an oxide film on the titanium, the test specimen was 
thoroughly degreased and cleaned, then dried and suspended in a solution of 
hydrofluoric and acetic acids for 10-15 min. A 60 cyc. current is passed through the 
specimen for another 10 min. It is then rinsed and transferred to a conventional 
chromium plating bath for plating at 185 F and a current density of 120 amp/cm* 
Che film contained 37 per cent titanium and 54 per cent fluorine. Adherence 
of the coating is improved by heat treating the plated specimen for two minutes 
at 1475 F in an inert atmosphere. The bond strength of the heat treated specimen: 
ranged from 4000 to 18,000 psi. In all cases fracture occurred in the chromium 
plate and not between the two metals. Similar procedures for depositing nickel 
and copper on titanium have been tried, but the deposits have not adhered as well 
as chromium and have frequently blistered. 


.. . Research volume at Armour Research Foundation was $1-million more in the 
1955-1956 fiscal than during the previous year; a record 691 programs were con 
ducted during the year, with 393 projects for industry and 298 for government . 

\ special anti-radioactive lubricant for control mechanisms in nuclear reactors has 
been reported by Rocol Ltd., Swinnington, Leeds., England; a molybdenum 
disulphide based varnish, it solidifies to form a thin film over the heated parts, 
and gives a good lubricated surface for the moving parts while protecting it from 
CO. corrosion Arthur D. Little, Inc., Cambridge, Mass., plans to enter the 
high temperature field, and is building a solar furnace for this research; expected 
working temperature is around 3500 F. . . . Especially developed for use in coloring 
plastics, particularly polyvinyl chloride, a new organic red pigment is reported to 
have several advantages over most inorganic red pigments; it has good fastness to 
light and heat, even when used in the low concentrations needed to make tint 
transparencies; called Irgalite Red HGL and made by the Geigy Co., Rhodes, 
Middleton, Manchester, England, the pigment cannot be used in rubber com 
pounds. . . . The University of California at Los Angeles is the site of the first 
university computer center devoted primarily to the study of complicated business 
management problems; located on UCLA campus, the Western Data Processing 
Center will be used by business people and students from universities in 1] western 
states and Hawaii; the Center was made possible by a series of gifts from IBM, 
including a 705 Electronic Data Processing Machine. 
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Investigate the assembly savings 


made possible K applng screws 


(> Because P-K Type A Self-tap- 
ping Screws have clean, deep 
slots and sharp gimlet points... 

‘y and because they are consist- 
ently uniform, Reznor Mfg. Co. enjoys 
important savings in the assembly of 


soy Ne : their gas heaters. 


To hold the plastic handle 
halves of their Instant Heat 
Soldering Irons together, The 
Lenk Mfg. Co. specifies P-K 
Type F Self-tapping Screws. 
No need for a separate tapping opera- 
tion. Production is increased and 
costs reduced—thanks to P-K Screws. 


A 


Melnor Industries, Inc. (for- 

merly Melnor Metal Prod- 

ucts Co.) puts assembly 

strength into their famous 

“Swingin’ Spray” oscillating 
lawn sprinkler by fastening zinc and 
aluminum parts with P-K Self-tap- 
ping Screws —7 Phillips Head Type 
Z and 18 Type F. They start right 
... drive right ... and stay tight. 


PARKER-KALON DIVISION, General American Transportation Corporation 


Manufacturers of Self-tapping Screws, Socket Screws, Screwnails, Masonry 
Nails, Wing Nuts and Thumb Screws 


PARKER-KALON fasteners 


Sold Everywhere Through Leading Industrial Distributors 
Factory: Clifton, New Jersey-—-Warehouses: Chicago, Illinois—Los Angeles, California 
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Steps up gear blank production 
300% by switching from bar stock 


to TIMKEN’ steel tubing 


N engine manufacturer felt that his gear blanks 

were costing him too much to make. The center 

hole had to be bored out of solid bar stock. It took a 

whole hour to turn out 29 blanks. And a lot of steel 
was wasted in the process. 

So the manufacturer discussed his prodlem with 
metallurgists of the Timken Company, experts in fine 
alloy steel. After study they recommended a change in 
production methods together with a switch to Timken* 
seamless steel tubing in place of bar stock. 


With Timken seamless steel tubing, the center hole 
is already there. It doesn’t have to be bored out. Finish 


YEARS AKEAD—THROUGH EXPERIENCE AND RESEARCH 


» TSE 


boring was the engine maker's first production step. 
And with Timken steel tubing his gear blanks are now 
being turned out at 120 to 130 an hour—an increase 
of 300%. 


Machining costs have been cut by more than half. And 
because the center hole is “built-in’’, no steel is wasted. 

The files of the Timken Company contain records of 
hundreds of problems that have been solved by Timken 
fine alloy steei. If you have a tough steel problem, why 
not bring it to us? Wire, write or phone The Timken 
Roller Bearing Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: “TIMROSCO”: 


TIMKEN , 


; 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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Product Enginecring 


This NEW Magnetic Counter 
is EASY to Reset... 








padet 


Designed for panel mounting where remote in- 
dication is required, this electrically operated 
counter is a compact package 5.5” long, 2.1” 
wide, 2.7” high. Capacity: 1,000 counts per 
minute. Power consumption, 8 watts. Stocked 
in 110 and 220 AC and DC. Easy to reset, ex- 
cept when locked . . . then the sturdy tumbler- 
lock* puts the damper on tampering. Yet one 
*National Lock Co. Lock No. 68-4837; Key D-428 
Stocked of 
Hartford 2, Conn. « New York 19, N. Y. 
Greenville, S.C. +* Chicago 6, Ill. 


Montreal 2, Canada 
Offices and Agents in Principal Cities 


January, 1957 


Everyone Can Count on 


VEEDER-ROOT 


turn of the key resets all 6 figures to zeros. 
This new Magnetic Counter is one of the 
thousands of Veeder-Root standard and special 


counters . . . electrically, mechanically and 

manually operated . . . in daily use throughout 

the world in industry, business, science and 

medicine. You, too, can count on Veeder-Root 
. to help you count anything you need. 


VeeverR-Roor 


“THE NAME THAT COUNTS” 





Craftsmanship of the 20th Century 


Today’s industrial designers work closely with 
plastics engineers in solving many complex 
" »Cj c ro . ) ) > } are i ‘ 
MONSANTO design ind production problems Here is a 
graphic example of contributions being made 

by custom-molding craftsmen. 


Resinox’ thermosetting plastic helps IBM electronic 
“brains” perform amazing feats of “memory” 


DESIGN OBJECTIVE IBM's blue-prints for its new 704 and 705 Elec- 
tronic Data Processing Machines called for special frame assemblies to 
house thousands of tiny magnetic “memory” cores, strung on grids of co- 
ordinate wires, which attach to terminal inserts in the sides of the frames 


MATERIAL SPECIFICATIONS In setting up 
specifications for the frame material, IBM de- 
sign engineers had to consider many factors. 
For one thing, since the memory frames were 
to be stacked 35 and 36 high, no frame could 
deviate in flatness beyond .030 inches in the 
10 inch frame length. Shrinkage also must be 
predictable within fine limits. Rigidity was an- 
other requirement. Although light in weight, 
the frame was expected to withstand up to a pound’s pull from each of the 
wires—and there are 68 grooves for wires on the short side, 86 along the 
length! Next, production called for the 308 terminal posts set in the edges 
of each frame, to be hot-dipped in a lead-tin mix at 550°F. without distor- 
tion of the plastic. And finally, of course, the frame material must possess 
superior dielectric strength and other electrical properties 


PRODUCTION ENGINEERING Specialty Insulation Manufacturing Com- 
pany, Inc., Hoosick Falls, N. Y. was awarded the job of molding the 
frames. SIMCO engineers, after long thorough investigation, selected Resi- 
nox 3700 as the frame material. Less expensive than other materials tested, 
this Monsanto thermosetting plastic was easier to handle, easier to transfer 
mold. Its electrical characteristics passed IBM’s tests. It possessed excel- 
lent dimensional stability, stayed flat, rigid. Resinox 3700 had an extremely 
low predictable shrinkage. Its heat resistance permitted hot dip soldering. 
[he frames are being molded of Resinox 3700 in conventional 100-ton 
transfer-molding presses. A molding temperature of 310°F. is used. Mold- 
ete ing time is two minutes. Loading 9 oz. of Resinox in the press is accom- 
plished by first preforming the powder into six 1” x 2” pills, then pre- 


heating the pills to 275°F. in an electronic preheater for 10 to 15 seconds. 








THE FINISHED PRODUCTS These two new and 

advanced IBM Electronic Data Processing Ma- 

chines, which can remember up to 40,000 letters, 

numbers or symbols and can recall! facts in a few 

millionths of a second, are solving many highly complex business and sci- 
entific problems including ones connected with top defense projects. One 
machine, for example, is making high speed calculations in jet engine de- 
sign. Another is being installed for use in nuclear weapon development. 
A third is involved in the design of gas turbines. 

The contributions that plastics custom molding craftsmen have made in 
the development of this giant electronic “brain” are being repeated in hun- 
dreds of cases in all phases of industry. The skills and services of these 20th 
Century craftsmen are available to every manufacturer designing for 
greater efficiency and lower costs. As a major supplier of plastic resins, 
Monsanto is in a position to direct you to custom molders who can bring 
long experience and detailed knowledge to bear on your problems. Write 
to Monsanto Chemical Company, Industrial Ap- 
plications Dept., Room 911, Springfield 2, Mass. 


MONSANTO 


ESINOX. 


Investigate Monsanto's 
completely balanced line of 
phenolic plastic compounds 
developed for particular 
applications and sold under 
the trade name Resinox. 





how ARMASTEEL 


wider scope of 


NEW PRODUCT DESIGNS POSSIBLE .. . Due to their unusual physical properties, high 
machinability ratings, and wide latitude of design, ArmaSteel castings are replacing other 
materials in today's products. Being a casting material, ArmaSteel can be formed in shapes 
too complex for the forging process. With ArmaSteel castings, low draft angles, intricate 
coring, and close dimensional tolerances are possible. Less stock remains to be machined. 
High tensile strength, damping quolities, and other physical and chemical characteristics 
ore also major factors in ArmaSteel's popularity among ,»roduct design engineers. 


ARMASTEEL IS A PEARLITIC MALLEABLE IRON, possessing mony of the physical 
characteristics of forged low-carbon steel. Because of carbon nodules in the pearlite 
matrix, the machinability of ArmaSteel castings is 58% better than S.A.E. 1040 steel and 
compares favorably with S.A.E. 1112. ArmaSteel is produced in three ranges, with tensile 
strengths from 70,000 psi to 100,000 psi, yield strengths from 48,000 psi to 80,000 psi, 
and elongations (in 2”) from 2% to 4%. Because of these excellent properties, and because 
it can be either sand cast or shell cast, ArmaSteel provides improved parts for many 
products, at the same time that it lowers costs. On these pages are two case histories of 
products that have benefited from ArmoSteel castings . . . perhaps your product can 
benefit too. 


CAST ARMASTEEL IMPROVES AN 
AUTOMOBILE DIFFERENTIAL CASE 


This case forms the support for the driving gears 
in an automobile. The demands made of such a 
port are that it be of high strength, that it have 
the least possible deflection, and that—because 
it is part of the car's unsprung weight—its 
weight be held to a minimum to help the riding 
characteristics. The part must be cast because it 
is impossible to forge the internal cavity. 


ARMASTEEL 86M MET ALL THESE DEMANDS. 
It has a tensile strength of 70,000 psi, a yield 
strength of 48,000 psi, and a Brinell Hardness 
No. of 163-207. Deflection is very low, and 
ArmaSteel absorbs vibrant energy, thus con- 
tributing to quiet operation. The cast ArmaSteel 
part also allowed the manufacturer to eliminate 
thrust washers on the pinion gear bearings, 
reducing costs. 
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castings allow new and much 
design 


CAST ARMASTEEL REPLACES FORGINGS IN THIS 
COMPANION FLANGE BECAUSE OF SPACE LIMITATIONS 


This part was formerly a medium carbon steel forging. During 
a re-design of the unit, it was impossible to get the desired 
strength by enlarging the part, because of design limitations. 
It became apporent that the draft angles necessary in the 
forging would not allow proper thickness of metal at point “A”. 
Only oa casting could achieve the low draft angles needed, and 
only a high strength material could meet the design requirements. 


CASTINGS OF ARMASTEEL 84M PROVIDED THE ANSWER. 
ArmoaSteel 84M has an ultimate tensile strength of 100,000 psi, 
and a yield strength of 80,000 psi. ArmaSteel parts tested 
showed a long fatigue life and minimum deflection under the 
extreme stress involved. In addition, castings offered a reason- 
able cost per piece, excellent machinability, and uniformity in 
production lots. In broaching the spline in the center hole, the 
manufacturer found that ArmaSteel castings resulted in greatly 
improved broach life. Draft angles were reduced to 2°, which 
allowed sufficient clearance (point “B") for the power socket 
wrench assembly operations. Thus, due to the comparative low 
cost of castings and the reduced machining costs of ArmaSteel, 
the manufacturer enjoyed an overall saving and at the same 
time solved his design and assembly problems. 


For further information on physical properties and applications of 
ArmaSteel, write for our complete catalog. Descriptive literature is 
also available on our shell mold and sand casting processes. 


GENERAL MOTORS CORPORATION 
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manager 


S 


Ferrule Sleeve from 
Pencil Bushing 


Hydraulic Brake Fitting 


5 y > rT A 


Spacer for Clock 


j 


Estimated Savings 46.0 


ERimar. d ©uvings 49.0 Estimated Savings 47.0 





Uy, Thy 


» 


| Pencil Point 
Fitting Spacer for Clock Bushing 
t 65 ¥ t 
Estimated Savings 44.0 Estimated Savings 48.6 Estimated Savings 40 
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ASK ALL THREE 


why these eight screw 
machine parts were 
converted from brass to 
Kaiser Aluminum... 





Operators say 
“easy to machine”... 





Designers say 
“exceeds requirements”... 





Management says 
“saves money.” 





Let us assist you 

in designing lower cost 
screw machine parts 
with... 


Kaiser Aluminum 


For complete information and expert assistance, call one 
of our many distributors, or look for our local number in 
your classified telephone directory. 


Kaiser Aluminum & Chemical Sales, Inc., General Sales 
Office, Palmolive Bldg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 12, California. 


See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, 
NBC Network. Consult your local TV listing. 





ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT... 


The Inside Secrets of 


Smoother Performance 


How HvatrT quality controls assure race 


concentricity, roller diameter uniformity 


and other internal essentials of smoother, 


longer-lived cylindrical roller bearings... 


The running accuracy and smoothness of a roller 
bearing is governed primarily by its internal dimen- 
sions and clearances. The most important of 
these are: 


CONCENTRICITY OF 
1. RACE DIAMETERS 


Eccentricity of race diameters is usually interpreted in terms 
of wall variation, Figure 1, on the individual components and 
in terms of radial run-out on the assembled bearing. The 


assembled bearing is usually mounted on an arbor, Figure 2, 

having a slight taper (.0001” to .0002” on the diameter per 
inch of length) and the 
radial run-out indicated 
as shown. The radial 
run-out is the difference 
between the minimum 
and maximum readings 
obtained when rotating 
the outer race one rev- 
olution with the arbor 
stationary for outer race 
radial run-out, or rotating 
the arbor one revolution 
with the outer race sta- 
tionary for inner race 
radial run-out. 


2 UNIFORMITY OF 
" ROLLER DIAMETERS 


Another factor governing running smoothness is roller diameter 
uniformity. This is usually obtained by segregating the rollers 
into diameter variation classes of .00005”, .0001”", or .00015”, 
depending on the bearing size and the nature of the applica- 
tion, and assembling only rollers of the same group into a 
given bearing. Gauging for this segregation necessarily rejects 


excessive taper. 


Uniformity of roller diameters is important for another 
purpose. It provides the user with a bearing in which the 
internal diametral clearance is controlled within the closest 
possible limits. The rollers are matched with races which are 
segregated for pathway size in a fashion similar to the rollers, 
usually to twice the diameter limits of the rollers. The internal 
clearance can thus be manipulated at will by combining 
various diameter classes of races and rollers; but once a par- 
ticular range is selected, it will remain constant within the 
combined limits of the roller and race pathway diameter 
limits. Here, again, a tapered condition of the race pathway 
is automatically rejected. 


Obviously, the internal clearances of commercial bearings 
must be standardized for the practical reasons of cost and 
availability, but the clearance values have been so selected 
that under the specified fits the running clearance is at the 
most desirable minimum, depending on bearing type and 
size. Figure 3 (magnified). 
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Checking wall variation, flange run-out and race end squareness on combination gauge. 


3 SQUARENESS OF ROLLER 
ENDS AND FLANGE FACES 


One other tolerance that contributes to the running efficiency 
of HYATT Hy-Load Series Bearings of the flanged race type 
is the squareness of roller ends with roller diameters and the 
squareness of flange faces with the race pathways. 


Flanged race bearings are commonly used for locating shafts 
, 


laterally and for running conditions of light and intermittent 
thrust load. For best operating results, the ends of the rollers 
must be flat and square with the diameter within a matter 
of tenths. The lateral 


clearance between the INNER 


roller and the race RACE 


shoulders must also be 

held to a minimum. This 
elt h are) 

_ SQUARE, 
FLANGE 
FACES WITH 
PATHWAY 


means close tolerances 
on roller length and race 
pathway width, and the 
flange face, Figure 4, 
must be square with the 
roller pathway. When all 
these conditions are 
satisfied, there will be 
no tendency for the roll- 
ers to skew and raise the 


Maat 
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operating temperature of the bearing, nor will there be any 
unusual force on the separator or cage with a tendency toward 


wracking and noisy operation. 


The side run-out of the individual races or the out-of-square 
of the ends with the fitting diameters is also important, 
especially in applications where a number of parts are held 
together endwise and where the pressure might be sufficient 
to tilt the race. creating a condition of excessive taper on the 
roller pathway with consequent roller skewing and the de- 


velopment of excessive heat and noise. 


All these internal dimensions and clearances are so carefully 
controlled that HYATT Hy-Roll Bearings have built an un- 
surpassed reputation among design engineers for exceptionally 


long, smooth and trouble-free performance. 


YoU WILL FIND MORE DETAILS 


in HYATT General Catalog No. 150, or your nearby 
HYATT Sales Engineer will gladly help you choose 
the type best suited to your design requirements. 
Remember, H YATT is America’s first and foremost 
maker of cylindrical roller bearings. Hyatt Bearings 
Division of General Motors Corporation, Harrison, 
New Jersey. 


CENERA\ 
moTors 


Hiy-ROLL BEARINGS 


FOR MODERN INDUSTRY 





R&M MOTOR PARTS 


...put Extra 
Customer Satisfaction 


in the heart of 
your product! 





Your customers get added satisfaction where it counts 
because every R & M motor part is carefully designed 
and precision manufactured to provide dependable 
power at the flick of a switch . . . even after years of 
rugged use! 

R & M’s broad line and experience as major suppliers 
of standard motor parts to hundreds of manufacturers 
since 1928 assure you of sound judgment in recom- 
mending the correct motor parts for your application. 
You will find R & M application engineers well qualified 
and eager to work with you on any application requiring 
series, universal or polyphase high-cycle motor parts. 
Write today for R & M bulletin 455-PE and the name 
of the R & M Field Engineer in your area. 


ra By re 
O®&. 


ROBBING £ MYERS, ne. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


D P/F cs & 


J 
Propellant (Industrial) Fan 
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REPUBLIC NYLOK NUTS offer advantages similar 
to those of Nylok bolts. They can be assembled 
from either end with hand or power tools, and 
lock tight wherever wrenching stops. Holding 
power is not affected by vibration. “Plastic 
memory” of nylon pellet gives Nylok nuts excel- 
lent adjustment and re-usability characteristics. 


REPUBLIC 


(mpi) orld Whideut: Range of, Standard. Stools 
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Self-Locking Nylok Bolts 


Provide Single-Unit Answer to Vibration, 
Liquid-Sealing and Adjustment Problems 


If your bolted assembly must be vibration-proof, liquid- 
tight or adjustable—Republic Self-Locking Nylok® Bolts 
are your best fastener selection. You simply align parts to 
be fastened and turn Nylok bolt into threaded hole. A 
positive lock is provided, whether or not the unit is seated. 


In addition, use of Nylok bolts eliminates lost motion of 
assembling extra locking devices or expensive wiring. 
They can be hand wrenched or power driven to minimize 
fastening time—a tremendous asset in high-volume pro- 
duction runs. 


Locking is accomplished by means of a permanent 
nylon insert in the body of the bolt. This pellet wedges op- 
posite mating threads together to form a vibration-proof 
lock. There is no damage to threads or seating surfaces, 
and the insert’s resiliency allows fasteners to be adjusted 
and re-used repeatedly. Further, when properly seated, 
the nylon insert effectively blocks fluid flow around the 
helix of the threads. Even relatively soft materials can be 
locked to a threaded member using Nylok bolts. 


When you specify Republic Nylok Bolts you secure the 
double protection of Nylok locking plus Republic qual- 
ity, built into each fastener from raw ore to finished prod- 
uct. To find out how you can take full advantage of this 
ideal combination, contact your Republic representative, 
Or mail the coupon for further information. 
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ADJUSTMENT problems like this movable plote are readily 
solved using Nylok bolts. The nylon pellet allows bolt to be 
backed off and wrenched tight time after time, without dom- 
age to threads, seating surfaces or holding power. Unaffected 
by age, immune to fungus, pellet won't dry out or shrink. 


ek 
N90" 0.0,0.0 00.00 6.1 Dae \ 6 e000 06" 9"0.0. 
» . 


% 


LIQUID SEALING properties of the Nylok bolt are demonstrated 
here. Nylon pellet, seeking to regain its original shape, effec- 
tively interrupts space between non-loadbeoring surfaces of 
mating threads. Escape of fivid along helical thread path is 
blocked. Nylon's resistance to moisture and ordinary solvents 
Gssures permanence of seal. 


VIBRATION has no effect on the locking characteristics of Nylok 
bolts, even when not wrenched tight as shown here. Secure 
grip is provided by nylon pellet permanently imbedded in fas- 
tener body. Continual pressure of resilient nylon forces tight 
metal-to-metal lock between mating threads opposite the pellet. 


SOS SS aD 


REPUBLIC STEEL CORPORATION 
Dept. C- 2704 

3150 East 45th Street, 

Cleveland 27, Ohio 


Please send me further information on Republic 
Nylok Bolts and Nuts. 


Name Title 





Company 
Address 
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Protectors Essential for 


Farm Labor-Saving Equipment, 


. . » Says Leading Manufacturer 
VA 


Since 1883 Starline has been building farm labor-saving ma- 
chinery such as barn cleaners, milking stalls, and hay carriers. 
They know from long experience the value of Klixon Protec- 
tors . . . protection that produces maximum motor capacity 
safely under any overload condition. 


Talking about its new Portable Barn Cleaner, Starline says: 
‘These cleaners are used by farmers out in the country where there 
is always the possibility of low voltage or some mechani. al obstruc- 
tion to the operation of the cleaner. We feel that it is essential that 
the motors on our barn cleaners, as well as our other electric labor- 


saving equipment, be protected by built-in Klixon Protectors.”’ 
S.arline has, for many years, specified Klixon overload protec- 
tion built into the motors powering ventilating fans, cattle 
feeders, silo unloaders and other farm equipment. 
—K LIxON You, too, can keep motors in your equipment operating de- 
® pendably, reduce service calls and repairs by specifying and 


using Klixon Protectors. The additional cost is low, pays for 
METALS & CONTROLS CORPORATION 


SPENCER THERMOSTAT DIVISION 3 
3801 FOREST STREET, ATTLEBORO, MASS. unnecessary equipment shutdowns. 


itself over and over by protecting against motor burnouts and 


Now There's Something New! In addition to the famous Klixon Protector for single-phase motors, ( 
you can now get full protection engineered into 3-phase motors with a single, built-in Klixon ( 
Protector. For full details write for Bulletin MOPR1. 
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Two 
METALS 
are often better than one... 


and 


GENERAL PLATE Clad metals 
for electronic uses are a case in point 


Consider General Plate ALIRON®, ALNIFER®, and 
NIFER®, all preferred materials for vacuum tube plates. 
Offering improved performance with attractive cost savings, 
these General Plate Clad Metals are supplied in annealed 
coils ready to feed through your production tools. They form 
beautifully, conserving critical materials and producing 
more parts per pound. ALIRON and ALNIFER require 
no carbonizing — the matte finished aluminum blackens 
evenly during bombardment to provide a highly efficient 
radiating surface. For full details, write for Technical 

Data Bulletin 717C. 

Or consider General Plate TIN CLAD NICKEL. Here’s 
an improved material for transistor cradle supports. 

The layer of pure tin is unvarying in thickness and is 
bonded to a pure electronic grade nickel backing so 
completely that voids and contaminating inclusions are 
eliminated. This means perfect wetting during your 
transistor soldering operations — top transistor performance 
every time — lower soldering costs too! For full details, 
write for Technical Data Bulletin 708. 

Or look to General Plate COPPER CORED 52 ALLOY 
WIRE for better glass-to-metal seals. With a 30% copper 
core you'll get up to three times the electrical and thermal 
conductivity over solid lead wires of the same size — or you 
can cut your solid lead wire sizes correspondingly, without 
reducing electrical ratings by using General Plate Copper 
Cored 52 Alloy Wire, and take a big step toward miniatur- 
ization in sealed terminal blocks and hermetic headers. 
For full details, write for Technical Data Bulletin 706. 

To get the whole General Plate Clad Metal Story, write 
for our new general catalog, PR-700A, covering many 
other combinations in both base and precious clad metals 
— composite electrical contacts — TRUFLEX 
Thermostat Metals. 


Metals & Controls 


Corporation 


GENERAL PLATE DIVISION 
1001 FOREST STREET, ATTLEBORO, MASS. 
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With National Seals 


Quality control isn’t a myth— 


it’s a crusade! 


At National, quality control is based on the oil seal industry’s 
most rigid manufacturing specifications. It begins with critical 
examination of raw materials. It includes constant checking of form tools 
and molds. It extends to exhaustive optical examination of all seal components 
by an exclusive process developed at National. (In this process, seals are 
cast and cross-sectioned, and an optical comparator used to show exact 
shape and position of every seal part, mounted on the shaft or 
unmounted.) And always, there are extensive and continuing operating 


and  leak’’ tests of finished seals 


For proved dependability, specify National seals. And for prompt, 
knowledgeable help on sealing problems, call your 


factory-trained National Seal engineer. 


NATIONAL SEAL Division, Federai-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; Plants: Van Wert, Ohio and Redwood City, California 


National Fieid Engineers At Your Service: Chicago, Ill., Room 462, McCormick Building, HArrison 7-5163 
Cleveland, Ohio, 210 Heights Rockefeller Bldg., YEllowstone 2-2720 + Dallas, Texas, 2520 West Mockingbird Lane, DIxon 7541 
Detroit, Mich., 13836 Puritan Avenue, VErmont 6-1909 * Downey (Los Angeles Co.), Calif., 11634 Patton Rd., TOpaz 2-8163 
Indianapolis, Indiana, 2802 North Delaware St., WAlnut 3-1535 * Milwaukee, Wis., 647 West Virginia Street, BRoadway 1-3234 
Newark, N. J., 1180 Raymond Blvd., Mitchell 2-7586 
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@ PROPERTY AND APPLICATION DATA 


ON “TEFLON” TETRAFLUOROETHYLENE RESIN 


\tWS 


TEFLON* offers design possibilities 


unmatched by any other single material 


MECHANICALLY, Teron tetra- 
fluoroethylene resin offers high 
impact strength and toughness. 
This durable material can be used 
at temperatures to SOO°F., and 
displays excellent properties at 
very low temperatures. TEFLON is 
weather resistant. Sticky or viscous 
materials do not adhere to its sur- 
face. The low coefficient of friction 


of TEFLON (kinetic coefficients of 


0.04 and under have been meas- 
ured) often eliminates the need 
for lubrication. 


ELECTRICALLY, the power factor 
of TEFLON is less than 0.0003 over 
the measured spectrum (60 cycles 
to 10° cycles). Volume resistivity 
exceeds 10'° ohm-cm. Dielectric 
constant is 2.0 over the range 
tested (60 cycles to 10° cycles). 
Water absorption (ASTM D570- 
42) is less than 0.01%. TrEFLON 
readily provides continuous serv- 
ice at 5O00°F., exceeding require- 
ments of Class H materials. 
CHEMICALLY, TeFrLon is com- 
pletely unaffected by all chemicals 
normally encountered in commer- 
cial practice. Exceptions to this 
include attack by the alkali metals 
under certain conditions. At ele- 
vated temperatures and pressures, 
halogens and certain halogenated 
chemicals and solvents may affect 
it. Through the use of TEFLON 
tetrafluoroethylene resin, reduc- 
tion of maintenance costs and 
downtime, as well as simplified de- 
sign, have been achieved in many 
chemical installations. 


Ml 
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Packings of Du Pont TEFLON withstand the 
severe temperatures and pressures in hy- 


draulic cylinders. Components made of 


TEFLON tetrafluoroethylene resin do not 
harden, shrink or swell—are unaffected by 


"U" CUP 


mboRh@)) meen 


or 


) 


hydraulic fluids. The piston cups, U-cups 
and flange packings shown above are made 
from Du Pont TEFLON tetrafluoroethylene 
resin by the Crane Packing Company, 
Morton Grove, Illinois. 





TEFLON Can Now Be Cemented 
with conventional adhesives, ow- 
ing to a new process. Good bond- 
ing strength can be achieved be- 
tween the cementable TEFLON and 
wood, glass, steel, aluminum, cop- 
per, ceramics, plastics—in fact, any 
material on which commercial ad- 
hesives can be used. 

Cementable TEFLON is now avail- 


able in tape or sheet form. Tubing, 
cylinders, rods, and bars made of 
TEFLON are also obtainable with 
prepared surfaces. 

Imaginative applications of 
Du Pont TEFLON have increased 
the efficiency of existing 
equipment. This versatile 
material provides new de- 
sign opportunities. 
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WATER METER PISTON of TEFLON assures 
accurate meter readings. The low coefficient 
of friction of TEFLON allows parts to move 
freely. Because TEFLON is used, no corrosion 
or build-up takes place in the piston holes or 
on the periphery to cause errors. (Manufac- 
tured by the John L. Doré Company of 
Houston, Texas.) 


 e. 
ey 


GASKETS for swivel joints employ TEFLON for 
long wear and trouble-free service. Gaskets 
maintain their seal under the most adverse 
conditions. They excel in steam service, per- 
form uniformly over a wide temperature 
range without requiring lubrication. (Swivel 
joints by Barco Manufacturing Co., Barring- 
ton, Illinois.) 


CAPACITORS of TEFLON for use in guided 
missiles and high-speed aircraft withstand 
temperature extremes from —90°F to 390°F. 
The use of TEFLON results in extremely high 
insulation resistance at rated voltages, and 
very low power factor at measured frequen- 
cies. (Manufactured by Condenser Products 
Division of New Haven Clock and Watch 
Company, New Haven, Connecticut.) 


Cal PONT ON DU PONT “TEFLON” 
TETRAFLUOROETHYLENE 


SUMP PUMP for chemicals employs a main 
bearing of TEFLON, eliminating auxiliary lu- 
brication and the contamination of pumped 
chemicals by such lubricants. Bearings of 
TEFLON permit either chemical or steam 
Sterilization, and withstand abrasion and 
chemical attack. (Manufactured by ECO 
Engineering Company, Newark, N. J.) 


SEALS made of TEFLON reduce manual turn- 
ing effort and wear in a leading power steer- 
ing mechanism. TEFLON was selected for its 
toughness, low coefficient of friction, and ex- 
ceptional thermal stability. (Seals of TEFLON 
manufactured by Garlock Packing Com- 
pany, Palmyra, New York.) 


TUBING of Du Pont TEFLON is used as insuia- 
tion in the compact Size 4 Regohm unit, used 
for the precise control of current, voltage or 
speed. TEFLON provides lasting protection, at 
extremes of temperature and humidity. (Reg- 
ohm by Electric Regulator Corporation, Nor- 
walk, Connecticut; tubing of TEFLON by 
Pennsylvania Fluorocarbon Company, Inc 
Philadelphia, Pennsylvania. ) 


product 











MECHANICAL SEAL, in pump for handling 
corrosive liquids and slurries, utilizes the re- 
siliency and chemical inertness of TEFLON 
The use of TEFLON as a shaft packing pre- 
vents leakage. TEFLON is also employed as a 
self-aligning wedge lock, which precludes 
rotation of the pump stator. (Manufactured 
by Chemical Power and Products, Inc., New 
York City, New York.) 


FILTER UNIT of porous TEFLON is a most 
effective filtration medium, removing particles 
as small as 3 microns from corrosive liquids, 
and 0.1 microns from gases. Filters of TEFLON 
permit high-capacity flow and can be cleaned 
with solvent. (Manufactured by Por >us Plas- 
tic Filter Co., Inc., A Pall Filtration Com- 
pany, Glen Cove, New York.) 


DIAPHRAGMS of TEFLON make it possible 
to control the flow of extremely corrosive, 
hard-to-handle fluids. Diaphragm withstands 
temperatures up to 400°F., or pressures to 
100 psi. (Valve manufactured by Hills-Mc- 
Canna Co., Chicago 18, Illinois; diaphragm 
of TEFLON molded by Raybestos-Manhattan 
Inc., Manheim, Pennsylvania. ) 





examples of im 


design with Du 


SCRAPER RINGS of TEFLON keep dirt and 
other foreign matter away from O-ring seals 
in hydraulic retracting cylinders and actua- 
tors, control valves, and pneumatic equip- 
ment. These spring-loaded rings give unex- 
celled service at high operating temperatures. 
(Scraper made by Shamban Engineering 
Company, Culver City, California.) 


TUBING of TEFLON is exceptionally easy to 
position or to slide over electrical conductors 
because of its low coefficient of friction. Con- 
venient to handle, tubings of TEFLON can be 
readily cut with a knife, bent and positioned 
by hand. Tubing shown above is manufac- 
tured by Halogen Insulator & Seal Corp., 
Franklin Park, Illinois. 


STAINLESS STEEL FITTINGS for flared tubing 
employ resilient seals of TEFLON which con- 
form to surface irregularities as fittings are 
tightened. A leak-proof, vacuum-tight seal 
results, which is resistant to corrosive chemi- 
cals. (“Koncentrik” fittings manufactured by 
Special Screw Products Co., Bedford, Ohio.) 


MINIATURIZED COILS show how small elec- 
tronic components can be made by utilizing 
the unique electrical and mechanical proper 
ties of TEFLON. TEFLON has high volume 
resistivity, extremely low loss factor, even at 
very high frequencies, and low dielectric con- 
stant. (Wire used in the coils is manufactured 
by Hitemp Wires, Inc., Mineola, New York.) 


roved 


HOSE lined with Du Pont Terion is unaf- 
fected by the adhesives it handles after three 
years’ use, despite constant flexing. Hose 
made of TEFLON is now standard equipment 
for hydraulic, fuel, and other critical lines 
in jet aircraft and missiles, and is increasingly 
used to convey corrosives, adhesives, solvents, 
and superheated steam. (Made by Resistoflex 
Corporation, Roseland, New Jersey.) 


Ld y 

SPIRAL-WOUND GASKETS [filled with TEFLON 
have outstanding corrosion resistance and 
withstand unusual joint and thermal stresses 
Because TEFLON is unaffected by organic 
solvents and alkalies, longer periods of opera- 
tion without gasket repair or replacement 
result. (Manufactured by the Flexitallic Gas- 
ket Company, Camden, New Jersey.) 


BELLOWS of TerLon for expansion joints 
offer flexibility needed to compensate for axial 
expansion and contraction, and deflection in 
pipes joining tanks, pumps and reactors 
TEFLON absorbs vibration and flexes readily in 
any direction to safely accommodate pipe 
movement. (Expansion joint manufactured 
by United States Gasket Co., Camden, N. J.) 


ont TEFLON 


MOLDED BALL SEALS of TEFLON provide 
tight, long-lasting seals for valves handling 
hydraulic fluids, water or air. Valve parts of 
Terton have high impact strength, a very 
low coefficient of friction, no water absorp 
tion, and outstanding chemical resistance 
(Manufactured by the Sparta Manufacturing 
Company, Dover, Ohio.) 


THIN-WALLED TUBING of TEFLON serves as 
an insulator around two stainless steel studs 
in miniature rotary tap switches. Soldering 
of adjacent connections does not harm in 
sulation of TEFLON, simplifies assembly of 
switch parts, minimizes accidental grounding 
(Manufactured by the Grayhill Company, La 
Grange, Illinois; tubing supplied by The 
Polymer Corporation of Pennsylvania, Read 
ing, Pennsylvania, under the trademark 
Polypenco.) 





MINIATURE TERMINALS of Du Pont 
TEFLON tetrafluoroethylene resin are 
of one-piece construction. The re- 
siliency of TEFLON enables these ter- 
minals to be press fit, forming per- 
manent installations having high di- 
electric strength and heat resistance 
(“Press-Fit” terminals manufactured 
by the Sealectro Corporation, Ma- 
maroneck, New York.) 
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BEARING buttons of TEFLON tetra- 
fluoroethylene resin make this un- 
plasticized pve plug valve, used in 
piping corrosive fluids, perma- 
nently “‘self-lubricating”. A _ seal 
of TEFLON is used on the valve 
shaft to prevent external leakage. 
The exceptionally low coefficient 
of friction of TEFLON (f = .04) as- 
sures ease of turning and prevents 
seizing and galling. 

The buttons are designed as in- 
serts in the valve spindle. In the 
closed position, the buttons pro- 
vide a chemically inert block 
across the open diameter of the 
pipe. This valve has been operating 
for more than a year in concen- 
trated HCI at room temperature. 
The user reports that no problems 
of sticking or lubrication have oc- 
curred at any time so far. 

TEFLON resists all chemicals 
normally encountered in industry. 
Exceptions to this include attack 
by the alkali metals under certain 
conditions. At elevated tempera- 
tures and pressures, halogens and 
certain halogenated chemicals and 
solvents may affect TEFLON. 

Du Pont TEFLON remains tough 


= 


Vital components of Du Pont TEFLON are 
utilized in this polyvinylchloride plug valve 
manufactured by Tube Turns Plastics, Inc., 


Chemically inert Du Pont TEFLON® requires no 


lubrication—solves problem in new plug valve 


Louisville, Kentucky. Exploded view of the 
valve is based on a transparent mock-up 
made from Du Pont Lucire” acrylic resin. 





over a wide temperature range. It 
has no water absorption. Sticky or 
viscous materials do not adhere to 
its waxy surface. It is specified for 
electrical uses because of a high 
dielectric strength and extremely 
low power factor. The combina- 


E. |. DU PONT DE NEMOURS & CO. (Inc.) POLYCHEMICALS DEPARTMENT 


Du Pont Building, Wilmington 98, Deleware. 


Room 9960 


in Canada: Du Pont Company of Canada, Lid., P. O. Box 660, Montreal, Quebec. 
Please send me more information on Du Pont TEFLON tetrafluoroethylene resin. 
| am interested in evaluating this material for: 


NAME 
COMPANY__ 
STREET 

ae onan 
TYPE OF BUSINESS 


POSITION 


tion of these properties 
TEFLON unique design possibilities 
in a broad range of applications. 

It may pay you to investigate 
Du Pont TEFLON for use in your 
own application. For data on this 
outstanding engineering material, 
available to you without cost or 
obligation, clip and mail the cou- 
pon at left. 


gives 





TEFLON 
is a registered trademark... 


TEFLON is the registered trademark for 
Du Pont tetrafluoroethylene resin, and 
should not be used as an adjective to de- 
scribe any other product or any component 
part; nor may this registered trademark be 
used in whole, or in part, as a trade name 
for any product. 





IMPROVED BALL JOINT DESIGNS 


The five Tourek-designed Ball Joints illustrated below were developed 
for special applications and large volume production. Continued re- 
search by our engineers assures constantly improved Ball Joint designs. 
The superiority of TOUREK “STANDARD” Ball Joints results from the 


accumulated experience of more than 37 years of development and 


manufacturing. 


. > _ 
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TOUREK OVERTRAVEL BALL JOINTS 


Tourek Overtravel Ball Joints are designed to 
suit your application. This is not a stocked item 
due to such variations as spring travel, overall 
length, and spring tension. The tapped hole may 
vary to allow adjustment. If you have an applica- 
tion that requires an Overtravel, our Engineer- 
ing department will welcome the opportunity 
of working with you. 


| TOUREK TYPE “F” 
BALL JOINTS 


Simplicity of Tourek Type ‘‘F’’ offers a very low 
cost Ball Joint which can be adapted to various 
rod or shell sizes. Recommended where side 
motion will not exceed 15 degrees in either 
direction. This assembly is supplied with hard- 
ened ball screw; shell wear surface may be 
hardened if so desired. 


TOUREK TYPE “K” 
BALL JOINTS 


Tourek Type ‘'K’’ Ball Joints offer hardened wear 
surfaces, yet can be adapted to various rod or 
shell sizes. A very functional design at a mini- 
mum cost. Recommended for applications where 
side motion is restricted. 


Tourek 


BALL JOINTS 
The Recognized “STANDARD” 


MAIL THE 
COUPON 
TODAY! 


World's largest manufacturer of “STANDARD” Ball Joints. Also 
makers of Pipe Plugs and quality Screw Machine Products. Range: 
up to 2%" diameter single and multiple spindle machines. Oper- 
ations include: Threading © Tapping « Milling © Drilling « 
Grinding © Polishing ¢ Plating © Heat Treating ¢ Silver 
Soldering. 
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SNAP-ON BALL 
JOINT..CLIP TYPE 


Tourek “Snap-on” Ball Joints—Clip Type used 
in the automotive field for years, permit removal 
of ball screw for quick length adjustment; also 
for engagement of shell or rod on pre-assembled 
ball screw. This unit'can be adapted to various 
rod lengths and shells; ball screw is supplied 
hardened with soft or hardened shell. 


SNAP-ON BALL 
JOINT ..SLEEVE TYPE 


A precision-made Ball Joint designed for a free 
assembly in those “hard-to-get-at places’’ or 
where adjustment of rod length must be made. 
A slight retraction of the outer shell exposes the 
socket for quick insertion or withdrawal of the 
ball. Releasing the spring loaded shell returns 
it to normal operating position. 


No pressure is placed on the ball surface there- 
by permitting a free movement with maximum 
.004” end play. A minimum 15° movement in 
any direction obtained in standard design—for 
special application side motion may be re- 
stricted. 


Snap-on Ball Joints—Sleeve Type—can be sup- 
plied to accommodate thread range from 410 
to 34”. Ball and socket wear surface can be sup- 


plied hardened. 
ary 
pe * 


ESTAB. 


J.J. TOUREK MANUFACTURING COMPANY 


1901 SOUTH KILBOURN AVENUE, CHICAGO 23, ILLINOIS 


Gentlemen: 


prices on TOUREK “STANDARD” Ball Joints. 


Nome___ 
Company - 


Address _ 


- 
1 
! 
! 
I 
! 
! 
! 
! 
! 
I 
' Please mail to me at once, complete information and 
I 
I 
i 
i 
I 
! 
! 
I 
! 
! 
! 
I 
I 
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City — Zone —__ Stote 





Pushbutton control arrangements almost to intinity ..- 
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., all standard 


How’d you like a stock of 1,500,000 pushbutton controls on hand at all times 
for original equipment needs or for production purposes? 

Sound prohibitive space-wise, or too expensive? Not at all. Just 38 Westinghouse 
components (shown above) do it because all parts are standardized and 
interchangeable. And always available from stock 

If you need controls for any application, write for the free 72-page Pushbutton 
Guide, B-6749. For control where moisture is a problem, write for free 

Booklet, B-7022, about Oil-Tite* controls. Write to Westinghouse Electric 


Corporation, Box 868, Pittsburgh 30, Pa. Or call your Westinghouse Distributor 
*T. M. J-30248 


you CAN BE SURE...1F ITS 


Westinghouse 
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can you 
attord not 
to use 


TITANIUM? 


By themselves, catalog prices of raw materials can be mis- 
leading. For it’s the final cost—in terms of service life—that 
really determines what you pay for equipment. 

The following table, based on cost analysis by the Pfaudler 
Company, indicates their estimate of comparative costs of 
producing the reactor unit shown at the left, using titanium, 


and two other well-known, corrosion-resistant metals. 


TITANIUM METAL A METAL B 


Cost per Ib. $1460 ‘+ $0.8025 $2.62 
But titanium’s light-weight means less is needed . . . 


Material Required . 250 Ibs. 785 lbs. 675 lbs. 


So the comparative cost factor is reduced .. . 


REM-CRU A-55 | 
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Material Costs ; $3650.00 


Fabrication takes the lions’ share, so... 


: $630.00 $1768.00 
Cost of Finished Reactor ' $12,150.00 $2391.00 , $4670.00 
And in corrosive chlorides, hot acids, and many other environments, 

laboratory and service data show... : 
Service Life ; 5 years - 


6 months ° 1 year 
! ' 


corr vice Year | _ $2430.00 | $4782.00 ' $4670.00 


bu 
4“, 


Reactor unit of REM-CRU titanium 
built by the Pfaudler Co., Rochester, serpice year that really counts. Then, too, down-time losses 
N. Y. and Elyria, Ohio a skilled fabri- 
cator of titanium and other corrosion- 
resisting materials. Another plus for longer-lasting titanium. Why not let 


REM-CRU engineer help you make the best, most profitabl 
use of titanium? 


To keep abreast of the latest developments on this vital metal. 
ee i M me ¢ Feu write to Dept. P-1 for the Rem-Cru Review—a free periodical 

presenting the latest technical data on titanium alloys. 
TETAN FU IM oiacn-cau Titanium, nc. MIDLAND, PENNSYLVANIA 


Sales Offices: 3338 South Malt Avenue, Los Angeles 22, California © 4501 W. Cortland Street, Chicago 39, Illinois « 405 Lexington Avenue, New York 17, N. Y 


Don't be fooled by raw material costs alone—it’s the cost per 


while equipment is being replaced can quickly mount up. 
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DOW CORNING 


CORPORATION 


Silicone News 


FOR DESIGN ENGINEERS 


No. 34 





Silastic Eliminates Slippage 
On Oscillograph Feed Rolls 


The ability of Silastic*, Dow Corning’s 
silicone rubber, to retain uniform resil- 
iency from 130 to 500 F 
development of natural 
increasing the reliability of 
ing instruments. 


aids our 
resources by 


oil-find- 


Seismic impulses created by detonating 
explosive charges underground are 
up by 
recorded by oscillographs on moving rolls 
of photographic paper 


accurate readings, it is essential 


picked 
seismometers, amplified, and 
truly 
that the 
paper, fed by rubber surfaced drive rollers, 


To obtain 


move at a constant rate of speed. 


Feed rolls coated with organic rubber 
hampered the accuracy of readings because 
the rubber hardens when exposed to low 
resultant 


temperatures. The changes in 


friction between rolls and paper caused 


varying degrees of slippage 


Atlantic Refining 
Dal- 
las, Texas, solved 
the problem by 
surfacing the 
Silastic, 
the silicone rubber 
that shows little or 
no change in hard- 


Company of 


feed 


rolls with 


wide 
temperature span. 
Silastic first 
molded ( Conr. Ps 


ness Over a 


was 








SILICONES LUBRICATE RUBBER AND PLASTIC 
COMPONENTS IN KELVINATOR REFRIGERATOR 


The problems generally associated with 
lubricating moving rubber or plastic 
parts in contact with metal are easily 
solved today with fluids and 
greases. Good examples are found in 
these applications for Dow Corning 200 
Fluid as a lubricant for plastics in the 
new Kelvinator “Foodarama.” 


silicone 





Silicone Molding Compound Has Better 
Insulation Resistance Than Plastics 
While Dow Corning 301 Molding Com- 
pound is frequently specified for electri- 
cal parts because of its 
high 
material 


outstanding 
this 
electrical 


resistance to temperatures, 
has 
properties superior to comparable plas- 


tics at room temperature. 


versatile also 


Take insula- 
tion resistance, for example— 


The accompanying 
mary of 


graph traces a sum- 


tests run on four miniature 26- 
contact connectors molded by Continental 
Connector Corporation, Long Island City, 
N. Y 


*r mM. REG. U.S. PAT. OFF Cont. Pg. 2) 


All plugs were identical in physical 


INSULATION RESISTANCE 
CONNECTOR PLUGS 
MEADS Hae AT 
SOO WTS OC wrTW Ome 
TE FECT ATOM 
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Combining permanent resistance to oxida- 
tion and moisture with a flat temperature- 
viscosity curve, 200 Fluid provides excel- 


lent, long term lubrication for 


(A) acrylonitrile-styrene copolymer 


hinge pins on the “Breakfast Bar” 


doors; 


nylon roller bearings mounted on 


steel pin shafts that 


roll-out 


support the 


shelves; 


that 


surface for the 


polystyrene tracks provide a 


sliding porcelain- 


enameled crispers; 


contact point between vinyl door 


gasket and polystyrene trim on 


the cabinet 


nylon roller bearings that support 
the steel basket and the 


nylon spacers that slide on the stee! 


roll-out 


side rails of the basket 


Applied as a 20-1 dilution in toluene or 


wiped on full strength, the 200 Silicone 


Fluid used on the Foodarama is extremely 


economical. The coating on Cont. Ps 


FOR DATA RELATING TC THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 
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DOW CORNING 
PUBLICATIONS 
ON NEW 
DEVELOPMENTS 
AND TECHNICAL | 
DATA.... 


Dow Corning Silicone Compounds, for dielectric 
applications, for release of plastic and rubber 
moldings, and for protecting finely machined 
thread parts, are described and compared in 
a handy reference pamphlet. No. 344 


Dow Corning 2106 Resin. A recently revised 
data sheet on this high-strength, silicone laminat- 
ing resin contains added information and com- 
prehensive tables and graphs on physical and 
electrical properties. No. 345 


Looking for a near-at-hand source of supply for 
parts or products made with Dow Corning 
Silicones? We'll be glad to send you any of 
the following: 


No. 346 
No. 347 
No. 348 
No. 349 


Paint Formulators or Manufacturers - - 
Masonry Water Repellent Formulators - 
Laminators of silicone-glass parts 
Manufacturers of Class H Motors - .-.-.-. 
Manufacturers of Class H Transformers 
Manufacturers of Class H 

Insulating Materials 


No. 351 


Distributors of Class H components; 
silicone greases and compounds - 


No. 


Fabricators of silicone rubber parts, 
wire and cable - -- 


No. 353 
No. 354 


Producers of pressure sensitive tape - 
* 


All New — 1957 Guide to Dow Corning Silicones 
is a twelve page, fact-filled catalog which briefly 
describes the silicone products of interest to most 
industries. Containing latest data and informa- 
tion, the guide is designed expressly to help you 
enjoy the advantages, profits, and savings made 
possible through imaginative use of these unique 
engineering materials. No. 355 


Antifoam B, a new silicone defoamer, has greater 
stability than any other water dilutable silicone 
foam-killer commercially available. Will not 
separate, oil out, plate out, settle or precipi- 
tate in most applications. Retains uniformity 
and effectiveness even if frozen or boiled. Ready 
to use, it eliminates need for diluting or 
pre-mixing. No. 356 





MANIFOLD ON LINCOLN 


“CONTINENTAL” 


PROTECTED WITH SILICONE BASED PAINT 


Growing numbers of designers are 
solving the problems of keeping a finish 
on hot metal surfaces by specifying 
finishes formulated with Dow Corning 
Silicones. There could hardly be a more 
impressive example of the serviceability 
realized with silicone based paint than 
the exhaust manifold application on 
Ford’s Continental Mark II. 

Ford’s selection of a silicone based finish 
goes back to the 1952 Lincoln, the first 
automobile to feature exhaust manifolds 
and crossover connections finished with a 
silicone based service-type paint. This 
original automotive use of a silicone based 
finish was highly successful; the coating 
was as black and glossy as when new 
after 100,000 miles at temperatures up 
to 500 F and exposure to road salt, slush, 
and water. 


The current Continental application, how- 
ever, is even more severe. Applied to a 














flexible metal bellows that connects mani- 
fold and exhaust, a 
with Dow silicone resins by 
Midland Finishes, Waukegan, 
Ill., is exposed to constant flexing and tem- 
peratures in the SOOF range. Neverthe- 
less, the heat stable finish resists chipping 
and flaking. In addition to providing 
the most practical protection for metals 
that hot in 
finishes offer excellent resistance to mois- 
ture, oxidation, chalking, fading and 
chemical attack. No. 342 


“Sicon” finish made 


Corning 
Industrial 


get service, silicone based 





SILICONES LUBRICATE REFRIGERATOR (Con:.) 
the crisper covers, for example, costs a 
mere $0.0063 per cover! 


Performance and economy like this typify 
Dow Corning silicone fluids and greases. 
They not only retain efficient lubricity at 
temperatures far above and below the 
limits of the best organic lubricants obtain- 
able, but they actually tend to lengthen 
the life of rubber and plastic components. 
For many applications involving heat, cold, 
rubber and plastics, silicone lubricants 
offer the closest thing to “permanent lubri- 
cation” yet developed. No. 340 





SILASTIC ELIMINATES SLIPPAGE ( Continued) 

and cured on feed rolls for this purpose in 
1950 by Immel Engineering & Develop- 
ment Company, Dallas. Silastic coated 
rolls have been standard equipment on all 
Atlantic oscillographs ever since; no re- 
placements have been necessary to date; 
errors due to paper slippage have been 
practically eliminated and are now com- 
pletely disregarded. No. 341 





SILICONE COMPOUND vs PLASTICS ( Continned 
form, but each was molded from 


ferent material as indicated on the graph 


Not did the plugs made of 301 
Molding Compound have the highest initial 
insulation resistance, but their margin of 
superiority broadened 
240 hours at 96% RH. 
conducted at temperature; at 
vated the 
the molding compound 
more pronounced. 


a dif- 


only 


substantially after 
These tests were 
room ele- 
temperatures superiority of 


silicone is even 


Performance like this is one of the reasons 
why Continental, among the world’s larg- 
est producers of connectors, reports 
increasing interest in “301” molded units. 
Already undergoing tests in guided missiles, 
industrial ovens and even kitchen ranges, 
301 Molding Compound is manufactured 
to meet Specification MIL-M-14E, Grade 
MSI-30. Continental that 
its entire connector line will soon be avail- 
No. 343 


has announced 


able in 301 Molding Compound. 





Bow Coraing Corporation, Dept. 6613, Midland, Michigan 
Please send me: 340 341 342 343 344 345 346 
347 348 349 350 351 352 353 354 355 356 
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WITH DRAFTING ROOM SPACE AT A GROWING PREMIUM... 


Put Six Draftsmen in the Space Now Occupied by Four 


YET GIVE EACH MAN MORE EFFICIENT, COMFORTABLE WORKING ROOM... 


with Hamilton Auto-Shift Tables—from BRUNING! 


Save Space—Get More Use from Present Area. The 
same floor space (about 250 square feet) taken up by 
four boards with separate reference desks will easily 
accommodate six Auto-Shifts. Auto-Shift combines a 
board and reference desk in one compact unit. The 
draftsman uses the board of one table for drawing, 
uses the large surtace and drawers of the table behind 
him for reference. 
Eliminate Waste Motion—Save Man Hours. Auto-Shift 
eliminates needless detours for reference material and 
supplies. The draftsman merely turns on his stool for 
quick, easy access to the reference surface or drawers 
of the Auto-Shift table behind him. 
Reduce Draftsman Fatigue— Boost Productivity. Auto- 
Shift provides fast, easy board adjustment—lets the 
draftsman change working position often for greater 
comfort and efficiency. Foot release frees top for fast, 
convenient height adjustment. Hand release permits 
quick, easy slope adjustment—slight fingertip pres- 
sure sets counterbalanced top at any desired angle. 
Seated or standing, draftsman can reach any part of 
the board without strain. 

Mail coupon today for detailed information on the im- 
portant savings offered you by Auto-Shift. 


(BRUNING ) 


America’s Leading Supplier of Engineering and Drafting Equipment 








Offices in 37 Principal Cities of the U. S. and Canada 


CHARLES BRUNING COMPANY, 4700 MONTROSE AVE., CHICAGO 41, ILL. 


in Canada: Charles Bruning Company (Canada) Lid., 105 Church St., Toronto 1, Ont. 
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CONVENTIONAL 
ARRANGEMENT 


[ 








Oo 
AUTO-SHIFT 
ARRANGEMENT 








Only Auto-Shift Offers You These 3 Big Advantages! 


1.Only Auto-Shift offers instantaneous, 
ment of slope. 

2.Only Auto-Shift provides instantaneous height adjust- 
ment, lets draftsman switch standing or sitting positions 
quickly and easily. 

3. Only Auto-Shift lets draftsman work on any part of the 
board without leaving his seat. 
Ask your Bruning representative for information about the Bruning- 


Hamilton free analysis and planning service for improving your draft- 
ing operation—or use coupon below. No obligation 


positive adjust- 


Charles Bruning Company, Inc. 


4700 Montrose Ave., Chicago 41, Ill., Dept. 14-0 


D0 Please send me information on Hamilton Auto-Shift Tables 


0 Send me information on the Bruning-Hamilton free analysis and 
planning service 


Name Title 
Company 
(EE 


City County 








ORDINARY LAMINATE 
AFTER BLISTER TEST 


olan] -4-Saole Wome ller the 
AME TEST 


New copper-clad MICARTA* 


takes dip solder bath 


New H-3032 copper-clad MICARTA® cuts costs 
and production time of printed circuits. Copper- 
clad MICARTA speeds up soldering, without the 
normal accompaniment of an increase in rejects 
and missed connections. It can be cold punched 
without cracking or chipping. 

The laminate won't blister even when dip 
soldered for 10 seconds at 500°F! Examine the 
two close-up photographs. One shows an ordi- 
nary laminate after a laboratory test. Note 
the blistering, then look at the MICARTA dip 
soldered for the same length of time—and 
there is no blistering! 

A special adhesive is used which has the same 


without blistering! 


high electrical properties, solvent resistance and 
low moisture absorption as the MICARTA 
laminate itself. Actually, adhesive strength is 
increased during soldering. 

Because of a new adhesive process, copper- 
clad MICARTA keeps its high bond strength— 
from 10 to 13 pounds versus an industry stand- 
ard of six pounds—even after heating and 
cooling is repeated many times. This is especially 
valuable for electronic circuits. 

Copper-clad MICARTA may be the answer to 
your circuit assembly problem. Write for further 
information and technical data to Westinghouse 
Electric Corp., MIcARTA Div., Hampton, S. C., 

J-06624-X 


you CAN BE SURE...iF ws Westinghouse 
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B.EGoodrich Rivnut 


provides blind nutplate so solid 
it’s a shockproof seal 


WINDOW CLAMP STRIP Here's a tough fastening problem that puzzled designers 
of airplane windows. They needed a nutplate and a blind 
rivet solid enough to serve as a shockproof seal. One 
B. F. Goodrich Rivnut solved the problem by perform- 
ing all three jobs in one operation 

In seconds, one man upsets the Rivnut, securely rivets 
the plate to center post. The firm bulge in the Rivnut 
shank conforms to the curvature of the tube, giving a 
shockproof seal that keeps weather out. Rivnut head 
serves as spacer for plastic window, and provides 6 clean, 
firm threads that hold clamp strip and window securely 
in place. 

Best of all, Rivnuts cut costs by reducing assembly 
time. Here's a typical example 























! 
| 


| 


A manufacturer of industrial oilers was brazing nut- 


I 
| 


1 


plates on his reservoir tanks for bolting to brackets. 


| 
| 


I 


This required three separate operations — brazing, tap- 


ni 


ping, and thread cleaning. Too often, brazing caused 
warping and leaks. In addition, he had to fuss with bolts 
and washers to maintain proper shim space. 


| 











By switching to Rivnuts, he reduced all three steps 








to one quick operation. Rivnuts cut assembly time 90%, 





assured uniform quality in every product. Rivnuts can 





work wonders for you, too. Call on us for engineering 


help, or: 














SEND NOW FOR FREE RIVNUT 
HOW RIVNUTS PROVIDE AT LEAST 6 CLEAN DEMONSTRATOR 


THREADS IN ONE SIMPLE OPERATION: Demonstrates with motion how 
Rivnuts fasten to and with. 
Explains construction, gives 
proved applications. Write to Fn e 
B. F. Goodrich Rivnuts, Dept. @ t" 
FA ia PE-17, Akron, Obio. a o 


SLILIIES- | <LOLHI 
wes See 


1] Rivnut is threaded 2 Tool lever operates 3 After upset, Rivnut B.EGoodrich 


onto pull-up stud of pull-up stud forming threads are still clean 
heading tool, then a bulge in the Rivnut and intact, ready for 


inserted. shank. screw attachment. AVIATION PRODUCTS 
a division of The 8. F. Goodrich Company, Akron, Ohio 
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design instructions 


yet 
ose 


Are You Aware of the Exciting Opportunities 
for Product Improvement that Exist Now? 


Today, industry is forging ahead in the development of 
products little dreamed of only a few short years ago. 


Instrumentation ... miniaturization . . . more auto- 
matic production... all are demanding parts and 
components with new operating advantages. And High 
Nickel Alloys are playing an important part in meeting 
the needs. Are you aware of the opportunities High 
Nickel Alloys offer? For example, do you know 
you can... 


...Design smaller, lighter weight units through 
the use of “extremely sensitive’ alloys that 
respond to very weak electrical currents? 


... Assure precision product performance with 
the help of an alloy that exhibits infinitesimal size 
change through temperature ranges up to 400°F? 


... Compensate a given magnetic field for tem- 
perature changes to insure consistently accurate 
product performance? 


And the list goes on... an exciting list of properties 
that can lead to rewarding fields of new and im- 


proved products! 


Getting High Nickel Alloys to do special jobs for you 

. making them behave in the way you want them to 
behave ...is an opportunity we welcome. By making a 
team of your engineering experience and Carpenter's 
ability to produce closely controlled High Nickel Alloys 
with predetermined behavior, you often take an imme- 
diate step to product improvement. To help you in this 


job, Carpenter manufactures an unusually complete 


line of High Nickel Alloys... Temperature Compen- 
sator, Low Expansion, High Permeability and Glass 
Sealing Alloys. These are available in the largest variety 
of forms including strip, wire, bars, tubing, forging 
billets, etc. Ask for detailed engineering and application 
information. A note on your company letterhead is all 
that’s necessary. 


& 





ee “High Nickel Alloys | 





Pioneering in Improved Tool, Alloy and Stainless Steels Through Continuing Research 
Tue Carpenter Steet Co., 117 W. Bern St., Reading, Pa. 
Eaj-ort Department: The Carpenter Steel Co., Port Washington, N. Y.—‘“CarsTEELco” 
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These MODERN Recirculating Ball Units can help you... 


SOLVE ACTUATION and TORQUE PROBLEMS 


Saginaw b/b Screws guaranteed 90% efficient 
— offer 6 major advantages for designers 


Available in custom machined and commercial 
rolled thread types — have been built from 112 
inches to 39% feet long—% to 10 inches diameter. 


_— 


gooe? 


S goo? 


Nut glides on steel bolls. Like stripes on 
@ barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


1 VITAL POWER SAVINGS. With 
gvoronteed efficiency of 90%, Sag 
inow b/b Screws cre up to 5 times as 
efficient as Acme screws, require only | 
os much torque. This permits much smolier 
motors with for less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Sog 
inow b/b Screws permit use of smoller 
motors and gear boxes; eliminote pumps, 
occumulators ond piping required by hy- 
draulics. In addition, Soginaw b/b Screws 
themselves cre smaller and lighter. Units 
hove been engineered from 1 in. to 
392 ft. in length. 


PRECISE POSITIONING. Mochine- 

ground Soginow b/b Screws offer a 
great odvontage over hydraulics or pnev- 
matics because a component can be posi- 
tioned ct a predetermined point with 
precision. Tolerances on position ore held 
within .0G06 in./ft. of travel. 


Atl end of trip, one or more tubular 
gvides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 

mal operoting range is from —75° to 
+ 275° F. but assemblies hove been de 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ore practical where hydraulic fluids hove 
lost efficiency or reached their flosh point 


LUBRICATION LATITUDE. Even if 

lubrication foils of connot originally 
be provided because of extreme tempera 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units hove been de- 
signed, built and qualified for operction 
without any lubrication. 


6 FAIL-SAFE PERFORMANCE. For less 
vulnerable thon hydraulics. In oddi- 
tion, Saginaw offers three significant od- 
vontoges over other mokes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease boll life; (2) yoke deflectors ond 
(3) multiple circuits provide odded assur- 
ance agoinst operating failure. 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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Saginaw b/b Splines average 40 times lower 
friction coefficient than sliding splines 


Transmit or restrain high torque loads far more 
efficiently—have been built from 3 inches to 10 
feet long—% inch to 6 inches in diameter. 


The Saginaw b/b Spline radically in- 
creases the efficiency of transmitting 
or restraining high torque loads. In- 
stead of sliding against each other, 
surfaces glide on rolling balls. 


The steel bolls recirculate in closed 
circuits formed by mating longitudinal 
raceways spaced cround the circum- 
ference of inner and ovter splines. 
Guides return balls. 

This revolutionary new kind of spline utilizes the same basic 
principle pioneered by Saginaw in the ball /beoring screw. 

It permits new engineering designs never before practical— 
literally lets you achieve the “impossible’’! In any application 
where column length must change under torque load, the 
Saginaw b/b Spline offers greatly decreased friction, less 
wear, longer life, more dependable operation. It can be 
fitted with integral gears, clutch dogs, bearing and sprocket 
seats or a wide choice of other attachments for use with 
electric, hydraulic or pneumatic units. To convert push-pull to 
rotary motion, helical types are available with very high leads, 
ranging from 20:1 to 100:1. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


Saginaw Steering Gear Division 
General Motors Corporation 
b/b Screw and Spline Operation 
Dept. 4J, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 
COMPANY 
ADDRESS 


CITY 





to re-create 


typical of the ‘‘Pin-Pointed Properties” 


Firestone 
i 


EXON 


RESINS 


perfect tone 


Exon engineers have combined 
properties so precisely in Exon 480 
that they have created the specific 
resin for phonograph records. 

A “biscuit” compounded of Exon 
480 assures the finished recording of 
unusually high tonal quality, as well 
as breakage resistance. 

For production economies, the 
higher bulking density of Exon 480 
speeds banbury output as much as 


.. . EXON 480 


in Exon vinyl resins 


25%. Other assets: excellent mold- 
ability, good heat and light stability, 
compatibility with vinyl plasticizers, 
stabilizers and pigments. 

Pin-Pointing properties is the Exon 
way of matching your particular 
needs with the specific answer in a 
vinyl resin. The consistent success of 
fitting the resin to the job has made 
Firestone Exon industry's most com- 
plete source of vinyl resins. 


For details that will interest you in particular, call or write: 
CHEMICAL SALES DIVISION 


FIRESTONE PLASTICS CO., DEPT. 76C, POTTSTOWN PA., © 


A DIVISION OF THE FIRESTONE TIRE & RUBBER CO 


INDUSTRY'S MOST COMPLETE LINE OF VINYLS ENGINEERED TO YOUR SPECIFIC NEEDS 


40 
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anew STEAM valve 
with all the Rockwood 


Ball Valve advantages! 





The new Rockwood Bronze Ball 
Valve for use with steam offers you 
many unusual benefits. 

It Handles up to 125 Pounds of 
Steam per square inch and 350°F, 
with ease. 

It’s Leakproof — even after con- 
tinued use Rockwood Steam Ball 
Valves stay dry. 


It Opens and Closes Quickly — only 
a quarter turn is needed to open or 
close Rockwood Ball Valves. 
It Has Longer Wear-Resistance 
chrome-plated bronze ball with- 
stands abrasion, scratching and 
pitting. 

Rockwood’s new Ball Valve for 
use with steam comes in pipe sizes 


ROCKWOOD BALL VALVES 


FULL, R 


Product Engineering January, 1957 


from *%” up to 2”. Send coupon for 


full information and data. Distribu- 
tors in all principal industrial areas. 


ROCKWOOD SPRINKLER COMPANY 
1308 Harlow Street 
Worcester 5, Mass. 


Send me illustrated folder on 
Rockwood’s new Ball Valve for use 
with steam. 

Name 
Title 
Company 


City Zone. .State 





Get the exact speed you need, 





by merely turning the lever...with these 


standardized all geared units 
7 


4 SPEED UNIT 3 SPEED UNIT 2 SPEED UNIT 


These self-contained, compact, all-geared change cleaning equipment, etc. Gears and pinions are 
speed Units are available in 2, 3 and 4 speed Continuous Tooth Herringbone type. Shafts, 
changes, providing definite ratios of speed reduc- bearings, clutches and housings are of the finest 
ing, speed increasing (or a combination of both) quality to assure the user of long, trouble-free 
to meet virtually any selective speed drive re- service . . . Ratings are according to AGMA 
quirement. They are designed to fill industry’s Standards, with allowance for 100°; overload in 
need for an efficient, precision-built standardized starting and for momentary shock loads. These 
line . . . eliminating the high costs and delayed units are designed to permit the heavy overhung 
deliveries usually associated with specially de- loads resulting from the use of sprockets or 
signed units. They are ideal for use on wire draw- pulleys. 

ing machines, large machine tools, mixing equip- Send for Catalog (CSU-54, on your Business 
ment, sludge pumps, extruding machines, dry Letterhead. 


phillie gear "PHILADELPHIA GEAR WORKS, INC. 


ERIE AVE.&G STREET. PHILADELPHIA 34, PENNA. 
Offices in all Principal Cities 
INDUSTRIAL GEARS @ SPEED REDUCERS + LIMITORQUE VALVE CONTROLS * FLUID MIXERS + FLEXIBLE COUPLINGS 





Virginia Gear & Machine Corp. « Lyncnpurg, Va. 
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TURNER iS A LONG-TIME USER OF 
ANACONDA BRASS ROD AND TUBE— 


GIVES 10 REASONS WHY— 
Blow torches built by The Turner Brass Works, Sycamore, IIl., have a 


reputation for dependable operation and long life. Since 1871, brass 

has been used consistently in their construction and has built a quality 

reputation for Turner. Turner prefers Anaconda Brass as a quality 

metal and looks to The American Brass Company as a quality source 

of supply. 

These are the reasons given: 

® Brass is the quality material needed for the service. 

@) Brass is easily machined at high speed, with less tool breakage — 
manufacturing costs are 15% lower than with other metals 


@ Close tolerances are easily held with brass. 


Threading holds well — yet accessories are easily screwed on 
and off 


) Brass takes a good finish — polishing is easy and economical. 


@ Clean, polished brass products have proven high sales appeal. 


(7) Brass stands up under alternate heating and cooling 


Brass resists corrosion — the torches are used on land and sea, 
throughout the world. 


(@) Brass gives superior wear on valve seats. 
(9 Brass has high public acceptance as a quality material. 


Turner liquefied petroleum torch No. LP-555, with disposable fuel tank. Be- 
low are accessories of brass—holder for soldering tip and a heavy duty burner 


The American Brass Company, Waterbury 20, Conn 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont 


ANACONDA 


COPPER: BRASS*+ BRONZE 











The Diebold Portable Microfilm Camera 
weighs only 20 lbs., is about the size of 

a portable typewriter, yet it is one of 

the fastest and lowest cost methods of making 

a copy—a microfilm copy in a split second, that 
projeets to full size onto a brilliantly 

illuminated reader screen. 


The Heim Unibal Spherical Bearing consists of a 
single ball (through which the shaft passes) revolving in 
bronze bearing inserts which are housed in the bearing 
body. This Unibal type of bearing has a large surface 
supporting area; carries heavier loads where required; 
and corrects shaft misalignment in all directions. 


A wide range of stock sizes is carried by Heim dis- 
tributors across the U.S.A. and in Canada. Heim Unibal 
Bearings, Heim Unibal Rod Ends, and the complete line 
of Pillow Blocks, Flanged Bearings, etc. are listed in 
Heim catalog No. 100. Be sure you have the latest copy 
in your engineering department. 


The shaft and bearing assembly shown is 

the mechanical heart of the Diebold 9600 
Portable Microfilm Camera. The rubber 

roller on the end of the shaft drives 

film in a film magazine in synchronism with 

copy being photographed. Smooth 

operation of this shaft is imperative since 

any hesitation or binds will show up on 

the film as density bars in the picture. 

The shaft rotates in a horizontal position 
continuously, and, when copy is being 

fed into the camera, a cam raises the shaft 

5 to 10 degrees out of alignment to contact the film. 
A loose bearing could be used to permit 

this misalignment, but might result in 
irregularities. With the Heim Unibal Bearings, 

the smooth operation necessary is assured in 
either the offset or the aligned position of the shaft. 


Bere HEIM COMPANY /rairfield, Connecticut 
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These new motors are specifically designed for 


5 xan SS 
tough operating conditions. Corrosion-proof cast-iron ae | eal i 


__ 
+i- 
housings and sealed joints make this motor ia ; . 
impregnable to foreign material. Voume 


Braking torque ratings from 3 ft. Ibs. Totally-Enclosed, Corrosion-Proof 
thru 345 ft. Ibs. Fail-safe mechanism 


immediately applies brake in case 
of power failure. One piece molded Vi Rome S 
brake linings provide fast, smooth 


stops and unmatched holding power 


for heavy loads. Explosion-Proof —Cl. t, Gr. D and 


Simple brake has only six parts and Cl. tt, Grs. E, F& G 

requires no control wiring or auxiliary a 
electrical equipment. Compact construction =| alll ¥ 
requires a minimum of space. Wearing parts are ; 
easily accessible for fast maintenance. 


For further information write for 
bulletin B-2503. B-1533 Corrosion-Proof Gearmotor 


See Your RELIANCE 
Sales Engineer TODAY 


RELIANCE Hiinsene OO" 


Dept. 301A, Cleveland 10, Ohio + Canadian Division: Welland, Ontario 
Sales Offices and Distributors in Principal Cities 
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ENGINEERED RUBBER PRODUCTS 


U. $. Molded Shock Mounting 
for shock absorption when 
shipping delicate instru- 


ments. An electric type- * 


writer manufacturer, for 
instance, has cut down 
shipping damage to 42% 
and cut packaging costs 
considerably. Improved 
rubber-to-metal bonding 
permits their re-use. 





U. S. Melded Drop Forge 
Mounting in service for 
over 13 years—absorbed 
80 million blows of almost 
1600 Ibs. force each with- 
out wearing out—removed 
only when steel retaining 
pins had corroded. 


U. $. Molded Diaphragm for 
controlling liquid flow 
through motor valves. Of- 
fers high burst resistance, 
retention of molded shape 
under high pressures, and 


Mass-produced to 
exacting specifications 


U. S. Rubber Molded Mountings and Connectors 
help keep blowers operating at ‘whisper silence”. 


A well-adjusted system for a forced warm air furnace requires 
that all vibration and noise be kept to an absolute minimum 
In this leading “sulky” type blower, the entire moving parts 
assembly floats on a cushion of U. S. Moided Rubber Mounts 
(A) and firm, but movement-free, U. S. Rubber Finger-Flex 
Connectors (B). In this manner, all mechanical vibrations 
are isolated—the blower operates in silence. 

U. S. Rubber Molded Mountings and Connectors were 
selected because of their ability to retain “molded in” shape 
during their entire long life and for the economy they provide. 

Yet, this is only one of hundreds of applications wherein 
U. S. Engineered Rubber Products do jobs no other material 
can do. “U. S.” engineers will help you solve any molded 


exact fabric placement. rubber problem. Contact us at Rockefelier Center, New York 


20, N. Y. In Canada, Dominion Rubber Co., Ltd. 


Mechanical Goods Division 
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... Lorrington can make 
your small precision metal parts 
faster, better and for less 
than you can make them 


or buy them elsewltere 


These are typical of parts that Torrington produces daily 
by the hundreds or millions. If you use similar small pre- 
cision parts, find out today how much you can save and 
the quality you can get by letting Torrington make them. 
Mail the coupon for the Torrington Small Precision Parts 
Condensed Catalog or to have a representative call. Even 
better, send a sketch, blueprint or sample part and we will 
give you a prompt quotation which will mean substantial 
savings to you. 
Tue Torrincton Company ¢ Specialties Division 
230 Field Street, Torrington, Conn. 


TORRINGTON © 
SPECIAL METAL PARTS / ” 


Makers of Torrington Needle Bearings 


Vi 


The Torrington Company — Specialties Division 
230 Field Street, Torrington, Conn 


© Please send the Torrington Small Precision Parts Condensed Catalog. 
© Please have representative call. 
© Please send a quotation on enclosed sketch, blueprint, part 


Name ‘ Title 





c 


v 








City ___ 
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DESIGNER'S FAVORITE 
VERY RESPONSIVE 


SENSITIVE 


Thermoswitch © Is 
Rugged, Adaptable, 


Heat Controller 


ASHLAND, MASS. — Word ema- 
nating from here is that Fenwal In- 
corporated’s THERMOSWITCH units are 
usually the best solution for a design 
engineer with temperature-control 
problems. 

THERMOSWITCH thermal controls 
are adaptable, sensitive, responsive, 
small, tough, and accurate and 
their price is right. They frequently 
replace controllers costing much 
more, and do a better job. 

Their principle of operation is 
unique and highly competitive 
in terms of every quality most design 
engineers would require. The unique 
principle is this: the activating control 
element is a single-metal shell that ex- 
pands or contracts instantaneously with 
temperature changes, making or break- 
ing the totally-enclosed electrical con- 
tacts. 

Design engineers have put THERMO- 
SWITCH units to work everywhere that 
temperature control is vital in 
planes ... factories ... ships... hos- 
pitals . . . food-processing plants... 
homes laboratories. The list of 
THERMOSWITCH applications is virtu- 
ally endless. So is the list of physical 
ordeals the units have survived and 
the high performance standards 
they’ve met. 

When tested alongside bulb-type 
and enclosed bi-metallic thermostats 
under identical conditions, THERMO- 
SWITCH units have overwhelmed both 
with performances like these: 

@ reaction speed, four to nine times 
as fast; 

e@ heat-responsive area, three to six 
times as large; 

e@ heat-transfer path, only one-third 

to one-sixth as long; 
temperature differential, only one- 
tenth to one-nineteenth as great; 
vibration-sensitivity, only one- 
twelfth to one-eighteenth as great; 
shock-sensitivity, only one-tenth 
to one-eighteenth as great; 


FENWAL THERMOSWITCH UNITS may solve your temperature control problems, too. Sensi- 


tive, tough, and accurate 


they have been put to work by designers wherever tempera- 


ture control is vital. Over 25,000 variations of the THERMOSWITCH unit are available. 


Write for THERMOSWITCH folder. 


Added to these points of superiority 
are such demonstrable features as uni- 
formity of sensitivity throughout the 
operating range, built-in temperature 
anticipation, enclosed tamper-proof 
assembly, direct radiant heat recep- 
tion, and an operating range from 

100°F. to 600°F. 

Other ranges are available, too. 
The point at which a unit makes or 
breaks a circuit is determined by a set 
screw easily adjusted in the field. 

There’s a Fenwal sales engineer 
ready to help you apply THERMO- 


SWITCH units to your particular heat 
control problems ready with over 
25,000 variations. Write Fenwal for 
his name and for complete specifica- 
tions. Fenwal Incorporated, 21 Pleasant 
Street, Ashland, Mass. 


CONTROLS TEMPERATURE 
... PRECISELY 
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the Beryllium Copper ROLLPIN’ 


Strong . . . highly resistant to corrosion . . . nonmagnetic . . . extremely conductive 


Now you can use Rollpin to cut assembly and maintenance 
costs in a whole new group of applications. A new line made 
of beryllium « opper, one of the strongest of the copper base 
alloys, opens the door to a wide variety of uses where re- 
sistance to corrosive attack, good electrical properties and 
other unusual characteristics are required. These slotted 
tubular copper spring-pins can be used in assemblies that 
range from plumbing fixtures to electrical instruments, par- 
ticularly in conjunction with other copper base alloy com- 
ponents. 


TRADEMARK 


f 


p 
replace tapered pins 
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Rollpin has already established its ability to replace taper 
pins, straight pins and set screws; to serve as a rivet, dowel, 
hinge pin, cotter pin or stop pin . . . eliminating special ma- 
chining, tapping and the need for hole reaming or precision 
tolerances. Driven into a hole drilled to normal production 
standards, it locks securely in place, yet can be readily 
drifted out and reused whenever necessary. 

Rollpin is available in beryllium copper from .062”-di- 
ameter to .250”- diameter, and in steel and stainless steel up 
to .500’-diameter. 


Dept. R35-12, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 
Please send me the following free fastening information: 


[] Data on beryllium 
copper Rollpin 


[] Here is a drawing of our product. 
What self-locking fastener would you 
suggest? 

Name ous Title 

Firm__ 

Street_ 


City. 





GRAMIX. BRONZE BEARINGS AND 


IN NEW PRODUCTS 


GRAMIX. auovs 


(PRODUCT OF POWDER METALLURGY) 


The new Sunbeam Mixmaster Junior* does kitchen mixing chores 

quickly and efficiently and one of the important factors in its fine perform- 

ance is the use of GRAMIX bearings on the beater spindle shafts. These sintered 
metal bearings, which are produced from GRAMIX Grade 81 alloy, 

are oil-impregnated for self-lubrication and are quiet running in operation. 

One of the outstanding features of these GRAMIX bearings is the 

fact that they are exceptionally long in relation to the 

comparatively small diameter. Yet there is no taper 

or “bell mouth” effect present and tolerances are 

held to .001 on both the ID and OD. The 


NEW SUNBEAM MIXER bearing offers maximum load-carrying 


surface throughout its length. In addition, 


WITH GRAMIX SELF- Sunbeam engineers have found that GRAMIX 


gives them a controlled, consistent density in 

all sections of the bearing. This is another case 

LUBRICATING BRONZE where GRAMIX bearings have been specifically 
engineered and produced to fit the needs of the 


E «SHAFT BEARING application. Can the same be done for your products ? 


*Made and guaranteed by the Sunbeam Corporation, Chicago, Illinois 








THE UNITED STATES 


GRAPHITAR® carson-crapnire © GRAMIX” siwrereo meta parts © MEXICAN” crapuire prooucts * USG” prusnes 
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GRAMIX. IRON 


PROVE VERSATILITY OF 


SPROCKETS 


In the new Sunbeam twin 

blade electric lawn mower, power is 

transmix:ted from the motor to the cutting 

blades via cog belt drives. Among the most 
important parts in this power transmission system 
are a pair of drive sprockets which must stand up 
under hours of rugged operation. For these critical 
parts, Sunbeam Corporation engineers have 
specified GRAMIX sintered metal sprockets 
produced to their exact specifications from 
GRAMIX iron alloy 78. This dual purpose part 
acts as both a bearing and a sprocket. The excellent 
bearing characteristics of this GRAMIX alloy 
eliminates need for special inserts etc., yet the 
sprocket itself withstands shock loading and 
maintains a constant coefficient of friction. The 
contour of the sprocket teeth is maintained under 
the most severe operating conditions. Additional 


benefits that Sunbeam engineers have found in GRAMIX 
include the compatibility of GRAMIX with the belt material 


and the fact 


that there is less operational noise. Again, this is a 


case where the GRAMIX process has produced a part specifically engineered 
to meet exact product — . » « why not investigate the advantages of 


GRAMIX parts for your 


esigns? 





WRITE FOR THIS BOOK 


Because GRAMIX parts are die-pressed to shape, then sintered, they 
are usually much more economical than machined parts. Tolerances as 
close as .0005” can be held, and the parts oil-impregnated for self- 


lubrication. Other facts of value to the manufacturer and 


the design 


engineer are contained in GRAMIX Engineering Bulletin No. 21. 
Write today to The United States Graphite Company, Saginaw, Mich. 


GRAPHITE 


DIVISION OF THE WICKES CORPOR 


; ee ae 
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H) MICRO SWITCH Pr 


.-- FIRST IN PRECISION. SWITCHING 4 


small...accurate...reliable... precise 
MICRO SWITCH Precision Switches 
meet wide range of modern 
electronic control requirements 


Design engineers find MICRO SWITCH pre- 
cision switches to be ideal components 
for computers, high speed switching 
devices and other industrial devices. 


Whether the requirement is for an indi- 
vidual switch—or a complete switch 
assembly—MICRO SWITCH Engineering 
is at your service. Development of 
precise, reliable switching components 
is our sole business. Our switching 





specialists have met successfully many 
knotty problems of switch design and 
application. This long, practical experi- 
ence will save you time and money. 


A call to the nearest MICRO SWITCH 
branch office will put MICRO SWITCH 
Field and Factory Engineering to work 
on your specific problem. This coopera- 
tion can be your short cut to improved 
design. 
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Switches have uses unlimited H 


S-LIGHT PUSH BUTTON SWITCH 
FOR COMPLEX 
CONTROL PANELS 


Here is a new, unique indicating 
push button switch which lights 
in three different colors. It is the 
latest MICRO SWITCH develop- 
ment for use in complex console 
panels. This compact assembly 
is ideal for applications where 
absolute dependability is re- 
quired. It has a reliable operat- 
ing life through hundreds of 
thousands of operations. Use is 
simplified by a pre-wired con- 
nector plug. 


(Send for Data Sheet 110) 





FOUR-CIRCUIT 
SWITCH FOR 
CONTROL OF 
COMPLEX CIRCUIT 


Here is a four-circuit double-break switch for simul- 
taneous control of four isolated circuits. This small 
switch is ideal in complex circuit applications where 
space and weight are prime factors in switch selec- 
tion. Two snap-action springs are operated with 
each actuation of the plunger. This provides quick 
make and break of the contacts in each of the four 
double-break circuits. Electrical rating is 10 
amperes 115-230 volts a-c; 10 amperes 30 volts d-c. 
( Write for Catalog 78) 


SEALED PUSH BUTTON 
SWITCH FOR PANEL 
MOUNTING APPLICATIONS 


This MICRO SWITCH push button 
switch for panel mounting is out- 
standing because of its very small 
size and ease of installation. After 
the push button is mounted on a 
panel, the switching unit can be wired and then 
easily snapped into place on the end of the button 
assembly behind the panel. In addition, the push 
button is sealed to keep dirt and moisture from 
penetrating to the back of the panel. Switch has 
operating force of 3 lbs., weighs but .05 Ibs. 


( Write for Catalog 75 ‘“‘Subminiature Switches” ) 


‘a 
| 
| 


MICRO SWITCH, a division of Honeywell, 


SUBMINIATURE 
SAFETY SWITCH 
DEVICE 

FOR HAZARDOUS 
EQUIPMENT 


This MICRO SWITCH Submini- me, 13 _ 


ature door interlock switch = 
assembly is designed for use as a safety device on 
such hazardous equipment as radio, radar, and 
X-ray cabinets. Installed on the cabinet door the 
switch automatically cuts off the power circuit when 
the service door is opened. Assembly shown uses a 
MICRO SWITCH Subminiature basic switch with 
single-pole, double-throw contact arrangement. 


(Write for Data Sheet 108) 


SUBMINIATURE 
ROTARY 
SELECTOR 
al. SWITCH FOR 
MULTIPLE-CIRCUIT CONTROL 


This assembly is an 8-gang, 8-position rotary selec- 
tor switch. It consists of 8 single-pole, double-throw 
Subminiature basic switching units operated by 
cams on a common shaft. Any combination of the 
8 basic switching units may be actuated in any of 
the 8 positions if cams are set to specifications at 
the factory. Variations with from 2 to 8 single-pole, 
double-throw basic switches are available. 


( Write for Catalog 75 *“‘Subminiature Switches’’ ) 





SMALL HONEYWELL 
MERCURY SWITCH 
MEETS SMALL LOAD 
CIRCUIT DEMANDS 


The small Honeywell Mer- 

cury Switch shown here is 

especially designed for reliable service in low-energy 
circuits. This switch meets the requirements of ap- 
plications where space and economy are critical 
factors. Mercury switches are widely used in ani- 
mated displays, control and indicating devices, 
home freezer units, alarms and hundreds of other 
tilt-motion, low-force applications. Ratings avail- 
able down to micro-volt, milli-ampere ranges. 


( Write for Catalog 90 on ‘‘ Mercury Switches’’ ) 


is the pioneer in the manufacture of M ; C K O S W } T C L 


A DIVISION OF MINNEAPULIS-HONEYWELL REGULATOR COMPANY 
in Canodo, Leaside, Toronto 17, Ontorio «+ FREEPORT, ILLINOIS 


precision snap-action switches, 
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For fast, cold sandwich bonding 
3M Adhesive EC-1357 


NIP ROLLER OR COLD PRESS COMPLETES STRONG, LIGHTWEIGHT SANDWICH PANELS WITH EC-1357. YOU NEED NO HEATED PRESSES. 


Gain the speed and economy of cold 
bonding! Fabricate sandwich panels 
for non-load bearing uses with 3M 
Adhesive EC-1357. 

This high-strength, flexible adhesive 
bonds sandwich panels without clamps 
or heated presses. You force-dry the 
solvent out of the adhesive before 
bonding. Cold press or nip roller 
finishes the job. You get maximum 
immediate strength. And EC-1357 
builds up even more strength with 


age as it cures at room temperatures. 
Because it is dark in color, EC-1357 
absorbs drying heat fast. Thus it 
cuts production time, allows contin- 
uous movement from adhesive spray- 
ing to finished panel. EC-1357 resists 
moisture and normal temperatures, 
too. For load-bearing panels, inves- 
tigate 3M Adhesive EC-1177. 

SEE WHAT 3M ADHESIVES CAN DO FOR YOU! 
Contact your 


Consult 3M _ research. 


3M Field Engineer. Or for information 
and free literature, write on your 
company letterhead to: 3M, Dept. 71, 
417 Piquette Ave., Detroit 2, Mich. 


erooucr Or 


~ 


R€searc™ 


MINNESOTA MINING — MANUFACTURING COMPANY - eaptengntchng AND COATINGS DIVISION 


417 PIQUETTE AVE DETROIT MICH. © GENERAL SALES OFFICE ‘T. PAUL 6, MINN ® EXPORT: 99 PARK AVE N.Y N.Y ® CANADA: P.O. BOX 757, LONDON, ONT 
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“Stress raisers” eliminated 
by Link-Belt LXS chain design 





LXS “FULL-ROUND” DESIGN 


qa D 


“Full-round”™ pitch holes 


. no sharp corners 





L 








“Full-round”™ pin 
} 
a meme 


“Full-round"’ bushing 


Large pins, bushings mean ample 
live bearing area for long life 


For long life under severe 
conveyor and drive condi- 
tions, Link-Belt LXS chain 
provides extra strength, in- 
creased wear resistance and 
wider application flexibility 
This fabricated steel roller 
chain incorporates many ad- 
vanced design and manufac- 
turing refinements, resulting in 
superior ruggedness and ac- 
curacy 
Eliminate weak points 

“Fuli-round” design does away 
with stress concentration points 
most frequently subject to 
failure provides maximum 
live bearing area between pin, 
bushing and sidebars. As a re 
sult, stress is distributed even 


carefully machined for proper 
pitch hole size and for main- 
taining firm, tight press fit of 
pins and bushings. This assures 
close control of pitch and 
proper chain length after as- 
sembly 


Hardening extends life 


Another Link-Belt long-life 
extra is the controlled harden- 
ing of selected steels used in 
the manufacture of LXS chain 
Pins, for example, are made 
from a tough steel, specially 
treated for high strength in 
shear and for maximum wear 
value. Bushings are properly 
hardened to shrug off shock 
and resist wear 


“FULL-ROUND” DESIGN eliminates stress concen- 
tration points. Heat treatment of all parts adds even Pins and bushings are ac- 
greater strength and extra wear life to selected curately sized for controlled 
steels. Accurate control of these processes avoids press fit, preventing rotation 
brittleness, poor wear values and low tensile in sidebars. Made from se- 
strengths .. . and assures uniformity lected bar steel, sidebars are 


Rollers are accurately ma- 
chined to assure proper oper- 
ating clearances and free-roll- 
ing action, Controlled harden- 
ing gives them the necessary 
resilicncy and durability. 


ly, increasing chain life. 














LXS especially popular for 
exposed drives, high impacts 


LXS chain provides extra strength, 
wear-life for heavy-duty conveying 


Link-Belt LXS chain is the 
long-life answer for exposed 
drives, abrasive and high-im- 
pact conditions. Its large, live 
bearing area reduces cutting 
action of abrasives because 
load is spread over a broad 
area. 


Link-Belt LXS chain has real 
stamina—as shown in_ this 
conveyor application for han- 
dling 1000-pound, 40-foot 
lengths of steel pipe. Thanks 
to accuracy of pitch and at- 


tachment spacing, plus close 
matching of multiple strands, 
LXS has the added strength 
and wear life for the extra-long 
conveyors so popular in to- 
day's move to mechanization. 





For help with any 

chain problem call 

your nearby Link- 

Belt office. Send 

for 342-page cat- 
alog 950 covering 
the complete line of 
Standard Link-Beit 
products for conveying 





nner’ 


and power transmission CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are 

Link-Belt Plants, Sales Offices, Stock Carrying Factory Branch Stores and Distributors in All Principal 

Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.\W.: 
South Africa, Springs. Representatives Throughout the World. 
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MUELLER BRASS CO. 600 SERIES BRONZE 
the main working part in the smooth and 
OCEAN CITY SPINNING REELS 





600 Series gears prove ideal in heavy 
duty salt water models 300, R300, 
and 320 in which corrosion resistance 


and high strength are important. 


Other typical 
600” applications 
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FORGED GEAR 
powerful AND ALLOY 


REVIEW 


by FRANK M. LEVY 


Vice-President and Director of Research 


Recently Ray Engelgau, who heads our statistical 
quality control procedures, and Amos Armitage from our 
machining department met in my office and we had a 
very interesting discussion on our new “S-C"’ rod. The 
term “‘S-C"’ is derived from the fact that it is produced 
from billets that are cast semi-continuously. In addition, 
we use the letters “S-C”’ to indicate its “super cutting” 
qualities which is one of the outstanding characteristics 
of this rod. We have definitely proved these qualities in 
some very exhaustive tests, one of which I'd like to tell 
you about here. 


Experience has shown that it is difficult to control dimen- 
sions within close tolerances on machine parts involving 
internal forming operations. Amos had run into exactly 
that trouble with a certain hydraulic fitting made from 


; 7 —- rod that required a fairly close dimensional tolerance on 
The Montague-Ocean City Rod & Reel Co. of Philadelphia is e 


proud of the fact that many fishermen are calling their famous 
Ocean City “300” series spinning reels “the most dependable ; 
spinning reels in America.” Such praise justifies the very best by the conventional method and from rod produced by 
components in a product—like the corrosion-resistant Mueller the S-C process. When rod made by the conventional 
Brass Co. “600” alloy gear. Provides its own shaft and has an method was machined, the parts could not be held 
integral clutch which takes the driving force from the handle, and within the specified tolerance range. The same machine, 
incorporates a cam which provides the oscillating motion of the 
spool for cross-winding the line. Bronze was chosen because of the 
need for maximum strength, long wear, and because it is such an 
excellent bearing material. This application dramatically points 
up the valuable properties of Mueller 600" series alloys. 


the internal formed diameter. So, we decided to make a 
comparison test by machining the part from rod made 


the same tooling and the same machine operator were 
used in this test, and when S-C process rod was sub- 
stituted, the machine parts were well within the 
requiréd tolerance range. 


In addition, I just received a letter from a well-known 


There are countless applications of Mueller 600" series bearing ; : 
equipment manufacturer who has been running tests on 


alloys. Find out how you can utilize one or more of them in YOUR 
products. Because forgings can be made closer to the finish size in S-C rod. They reported that the incidence of tool trouble 
“600” series alloys than can sand castings, there is less waste, per 1000 forgings machined from S-C rod were approxi- 
greater speed in finishing. mately half that of forgings made from conventional 
rod. We think that is pretty good evidence that the rod 
made by our semi-continuous process is exceptionally 
uniform by all standards. Incidentally, our new billet 
casting department is quite a model of automation and 
has a number of interesting processes and features 
Anytime you happen to be in our area we would be more 
@ WRITE TODAY FOR THE itisee than happy to show you through and explain the man) 
ENGINEERING MANUAL YOU NEED : é ; ' points of this process that gives us what we firml) 
‘es believe to be the best possible rod available today which 

Mueller Brass Co. Forgings ae ty of course is reflected in the quality of our forgings. 

Engineering Manuol H-58565 afl ag ; 

sa oe oe vin ; continuous process, just drop me a note and I'll see that 


one is sent along to you promptly. In the meantime, 
oe Alloys we'd like to have you investigate our super-cutting S-C 
Sraetng Hemel F-S008 rod because we think it will improve your product 


Copper Base Alloys in Rod Form quality—and we've got the alloys to do most anything 
Engineering Manual FM-3010 . to meet the most exacting demands. 


Thanks for your time. 


MUELLER BRASS CO. 


PORT HURON 22, MICHIGAN 


If you would like a folder that fully covers our semi- 
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34,129 engineers 
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written us for copies 


of this unusual book? 


Every day we receive an average of 70 
requests for our “Design Manual for 
High Strength Steels.” This, despite 
the fact that in the past two years we 
have distributed 54,096 of these Man- 
uals—enough to make a stack three 
times as high as the Empire State 
Building. 

Requests have come not only from 
design engineers for whose use this 
book was primarily written, but from 
men signing themselves as Research 
Engineer, Project Director, Develop- 
ment Engineer, Design Analyst, Proc- 
ess Engineer, Test Engineer, Mechani- 
cal Engineer, Chief Engineer, Methods 
Engineer, Materials Engineer, Marine 
Engineer, Industrial Engineer, Elec- 
trical Engineer, Aeronautical Engi- 
neer, Purchasing Agent, Plant Man- 
ager, Chief Inspector, President, and 
so on and so on. We even had one from 
a Chairman of the Board. (Looks like 
a lot of men besides design engineers 
are vitally interested in High Strength 
Steels and want to know how, when, 
where and why to apply them.) 

While most of these requests have 
come from all parts of the United 
States and Canada, an amazing num- 
ber have reached us from England, 
Germany, Belgium, France, Italy, 
South Africa, India, Japan, South 
America, Australia and New Zealand. 
(Seems that no country is so remote 
that it hasn’t heard the good word.) 


What’s in this book that makes it 
such a “must have” for those who have 
seen it or merely heard about it? 

We like to think that the “Design 
Manual” is finding its place on so 
many engineers’ desks and book 
shelves—not because it is a costly 
book, free for the asking—but because 
it contains information nowhere else 
available and never before presented 
so clearly and comprehensively. 

For here, in one volume, the design 
problems of tension, compression, 
shear, beam stress, deformation, and 
deflection are covered in detail, the 
fundamental characteristics of high- 
strength low-alloy steels that result in 
economies to the user are described, 
the principles of designing against cor- 
rosion, and the application and advan- 
tages of formed sections are authorita- 
tively discussed. 


Complete with tables, formulas and 
basic data covering every facet of this 
important subject, the 174-page “‘De- 
sign Manual for High Strength Steels” 
is a book that you will find invaluable 
in designing your product for greater 
efficiency and economy. A fourth print- 
ing is now on the presses. We will 
gladly send you a free copy if you will 
write — on your company letterhead, 
giving your title or department—to 
United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pa. 





very loaye 
Cb peed woth 
THOSE wno acLe’ MACHINES 


The completeness of Square D’s pushbutton line makes 
a lot of sense to machine builders. Since any operator 
can be used with any contact block, every conceivable 
combination can be obtained with a minimum stock of 
packaged units. Another thing they like...the customer's 
enthusiastic approval of Square D control on the equip- 
ment they buy. 


OIL-TIGHT OPERATORS 


COIN OPERATED SELECTOR 
SWITCH Available in same 
selection as standard type. 


MOMENTARY 
CONTACT Guarded 
button in 7 colors. 


MUSHROOM BUTTON 
1%” or 24%”. Momentary 
contact. 7 different colors. 


SELECTOR SWITCH 
2 or 3 position with 4 
different cams. 


Ey 


SELECTOR 


KEY , 
OPERATED ‘ 
SELECTOR SWITCH 
Discourages unau- 


PUSHBUTTON com- 
bines selector 
switch and push- 
button. 2 or 3 posi- 


PADLOCK 
ATTACHMENT Latch 
type. For momen- 


PADLOCK 
ATTACHMENT Cov- 


MAINTAINED 
CONTACT ATTACH- 


tary contact buttons. 
Locks “oft” position. 


MENT Used with two 
operators and one 
contact block. 


er type. Prevents 
depressing button. 


thorized operation. tion in red or black. 


SELECTOR 

SWITCH LOCK- 
out Permits 
switch to be 
locked in any 
one of three 
positions. 


NEOPRENE CAP for 
momentary contact 
button. Prevents 
liquids, dust and grit 
from working into 
pushbutton operator. 


WOBBLE STICK OPERATOR for 
momentary pushbutton operator. 
Ideal for emergency stop with 
pendant station. 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE TM) COMPANY 


D 
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_ THIS MOST COMPLETE 
" (HEAVY DUTY LINE! 


AND THOSE WHO Ga THEM 


Performance and long life rank high with the 
men who buy and maintain the machines. 
Square D pushbuttons, designed to JIC and 
NMTBA standards, have been proven by severe 
tests involving millions of operations. They 
offer still other features...generous wiring 
space and exclusive ‘Slide and Swing”’ enclo- 
sure covers for easier, faster installations when 
machine operations are changed. 


CONTACT BLOCKS and PILOT LIGHTS 


Single Pole N.O. Duplex N.O. Tandem Operation. Duplex N.O. and 
and N.C. Contacts and N.C. Contacts. N.C. Contacts with extended stems for 
combination with another block. 


Duplex N.O. and 
N.C. Contacts with PILOT LIGHT. Generous 
s one N.O. circuit illumination and wide-angle visi- 
closing ahead of the / bility. Greatly reduced filament 
other. Designed for burn-outs. No loosening of lamp 
2-speed orsequence under vibration. Six colors—red, 
operations. amber, green, blue, white, clear 


ANY OPERATOR WITH ANY CONTACT BLOCK 


Ss + — 4 ‘ 
Uy ms at = Lb 


ENCLOSURES AVAILABLE FOR 1 TO 16 UNITS 
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An 80% machining advantage...as well as superior mechanical properties are obtained by the switch to 
ductile iron castings for this turret lathe and other machine tools produced by The Warner & Swasey 
Company, 5701 Carnegie Avenue, Cleveland 3, Ohio. Shown above are typical parts now cast in ductile 
iron to cut both production and maintenance costs. Combining the best features of cast iron and steel, 
ductile iron is easy to cast and machine, yet provides high strength and toughness. 


Warner & Swasey 
improves 275 turret lathe parts 
with ductile iron 


Clutch plates, hinges, levers, tool holders, wrenches 
... 275 parts in all... are now specified in ductile 
iron for Warner & Swasey turret lathes. 
MONEY-SAVING MACHINABILITY 

was one reason for Warner & Swasey’s adoption 
of ductile iron. The machine shop reports an 80% 
advantage in machining operations for ductile iron 
castings over the malleable iron parts they replaced. 
The ductile iron castings cut readily and evenly at 
hardness levels of 170-190 BHN. This means worth- 
while savings in machining costs, but there are 
other advantages, too. 


HIGH MECHANICAL PROPERTIES 


Ductile iron castings provide a combination of 
strength, hardness and toughness that makes them 


2H ductile iron... the cast iron that can be twisted and bent 


dependable for severe use in machine tools. Specify- 
ing ductile iron type 60-45-10, Warner & Swasev 
finds the castings provide an average yield strength 
of 56,250 psi and elongation of 16%. These parts 
also have a high level of wear resistance. 


AND CASTABILITY 


The good fluidity of ductile iron permits filling 
intricate molds . . . improving quality of the cast- 
ings and quantity of output regardless of wide 
variations in section thickness. 

You, too, can cut machining costs and improve 
your products or equipment by using ductile iron 
castings. Get all the facts in “DUCTILE IRON, The 
Cast lron THAT CAN BE BENT.” Write for your 
copy now. s 


The INTERNATIONAL NICKEL COMPANY. Inc. 
67 Wall Street, New York 5, N. Y. 
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“STOCK ANSWER” 
to many a design problem 


ALLEN 
DOWEL 


ALLEN DOWEL PINS are being profitably employed 
in a thousand and one ingenious ways beyond their 
conventional applications in tool and die work — as 
economical roller bearings, as axles, precision plugs, 
hinges and wrist pins to name a few. 


If you have an application that will utilize the 
great strength, accuracy and fine finish of Allen 
Dowel Pins, you can save substantially on the cost 
of your product — because you can secure them at 
favorable prices right from your Allen Distributor’s 
stock. 


, , ' ' P IFICATION 
Check the quick facts at the right and write directly sip clnlrrsnipsieclest 


’ . . 2 a Made from Allenoy heat treated steel. Surface hardness 
to Allen " Engineering Department for further tech 62-64, Rockwell C scale; core hardness 52-54. Case depth 
nical information. .010” to .020” depending on size. 


Single shear strength 160,000 to 180,000 p.s.i 


Surfaces precision ground to + .0001” with micro-inch 
finish of 6 RMS max. 


Sizes: Diameters, 4%” to 1”. Lengths, %” to 6” 


Two standard oversizes — .0002 for press fits between 
mating parts, or .001 for repair work, or holes machined 
oversize. 
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Typical parts machined by Taylor Instrument Companies from Alcoa Aluminum Screw Machine Stock 


HOW TAYLOR INSTRUMENTS* GET A LIFT AND 
A LONG LIFE FROM ALCOA SCREW MACHINE STOCK 


Where measurements must be precise, you’ll find 
Taylor Instruments. . . insuring a jet pilot’s safe 
descent by parachute . . . warning a ship’s captain 
of changing weather . . . telling the doctor your tem- 
perature and blood pressure. In everyday life, and in 
thousands of industrial plants, Taylor Instruments 
have helped America measure its progress since 1851. 

What are Taylor’s requirements for screw machine 
parts? Precision, naturally. Corrosion resistance is 
also important since many Taylor Instruments are 
installed where maintenance is virtually impossible. 
Because many Taylor products, like your home ther- 
mometer, are mass-produced, cost is exceptionally 
important in the selection of a screw machine stock. 

With these requirements in mind, read why Taylor 
Instrument Companies use Alcoa® Aluminum Screw 
Machine Stock. See if their experience plus the in- 


64 


escapable economics of aluminum versus brass 
doesn’t dictate a hard look at all your screw machine 
parts. For competent technical help in making such 
an analysis, simply call your local Alcoa sales office 
listed under “Aluminum” in your classified phone 
book. Aluminum Company of America, 865-A Alcoa 
Building, Pittsburgh 19, Pennsylvania. 


INSTRUMENT COMPANIES S& 
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IN PURCHASING 


Asst. Purchasing Agent, J. R. Mahan, says, 
“Dependability is the single most important 
requirement of a supplier. This we get in fuil 
measure from Alcoa. Quality has always been 
dependable. Deliveries have come when prom- 
ised. Service and technical help are always 
available to us and their answers are right. 
We find this Alcoa dependability also applies 
to Alcoa distributors from whom we get 
prompt delivery.” 


IN METHODS ENGINEERING 


H. D. Klitgord, Manager, Methods Engineering 
Department, says, ‘‘We have a continuous cost 
study of materials for all of our screw machine 
parts. Equal or better performance has been our 
criterion in every instance where money could 
be saved. We are saving $100,000 per year by 
using aluminum. Our conversion at present is 
about 40% and we anticipate an increasingly 
greater use of aluminum bar stock.” 


IN PRODUCTION 


Mr. H. Bubel, Group Leader, Automatic Screw 
Machine Department, says, ‘‘We are machining 
aluminum at the maximum production rates 
possible. Alcoa technical people have been of 
great assistance to us in recommending cutting 
oils and tools, and helping us maintain our close 
tolerances and fine finishes.” 


Sp — ey HOUR 
GP VE DRAMA 


vENin 


Your Guide to the Best in Aluminum Value 


1957 





How FLEXLOC clinch nuts 
Save production time 


If you are building assemblies of thin-section 
materials, you can make secure bolted con- 
nections with FLExLoc clinch nuts. Use them 
instead of cage nuts, anchor nuts and weld 
nuts. They are easy to install—no riveting or 
welding is required. 

When you design with 1-piece, all-metal 
FLEXLOoc clinch nuts, you simplify production 
operations by eliminating complicated nut- 
and-lockwasher assemblies. And the nuts 
cannot fall off or get lost during mainte- 
nance operations. 

When you thread in a screw, the FLEXLoc 
locks it wherever wrenching stops (as soon as 
14 screw threads or more project through the 
locking section). Locking action is positive 


and dependable. No matter how many times 
your product must be reassembled during 
maintenance or repair, the FLeExLoc holds 
securely every time. Its locking life is virtually 
unlimited. It cannot be loosened by vibration. 


Standard FLextoc self-locking clinch nuts 
come in sizes #4 through \% in., for use in 
materials from '@ to % in. thick. They are 
made in alloy steel, stainless steel, brass and 
aluminum. FLEXxLoc clinch nuts and clinching 
tools are available through your authorized 
industrial distributor. Call him today. Write 
us for complete specifications, or for informa- 
tion about your special locknut problem. 
Flexloc Locknut Division, STANDARD PRESSED 
Steer Co., Jenkintown 28, Pa. 


FLEXLOC clinch nut 





It’s easy to install a 


2. Fit the knurled shank of the nut into the hole. Your pro- 
duction engineer. can easily design fixtures to make this operation 
completely automatic. 


1. Hole in your subassembly accommodates the knurled 
shank of the FLEXLOC. The holding fixture is fitted with an 
inexpensive FLEXLoc dolly tip. 


4. Cutaway view to show completed assembly. The clinch 
nut is now an integral part of it. The FLextoc functions as a 
tapped hole—one that will lock a screw securely in place. 


3. Clinch the shank to the subassembly with a single stroke. 
This electric press is equipped with a FLextoc punch tip which 
also can be used with an ordinary hammer 


FLEXLOC locknuts are sold through authorized industrial distributors 


STANDARD PRESSED STEEL CO. 





FLEXLOC LOCKNUT DIVISION 





JENKINTOWN PENNSYLVANIA 
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Modern specialized plants assure prompt delivery of agnet 


Auto-Lite Expands Productive Capacity to Assure 
Quick Delivery of Finest Quality Magnet Wire 


New facilities including filtered air conditioning, latest equipment, and rigid 


production controls have been installed in Auto-Lite Wire Plants to give cus 


tomers a new high in production, quality, and service. 


PLANTS and WAREHOUSES... 


Port Huron, Mich e Hazleton, Pa e Yonkers, N. Y ° Chicago, Ill e Cincinnati, O 
YUkon 5-6131 GLadstone 5-4781 Murray Hill 9-1842 WeEbster 9-3144 POplar 1-3600 


J4¥IM LINOVW 





Newest Enameled Magnet Wire by Auto-Lite! 


LectALite magnet wire has been tested in accord- 
ance with AIEE 57 and MIL-W-19583 thermal 
aging test and found to be acceptable for Class 
B applications. LectALite can be applied to copper, 
aluminum, steel or silver magnet wires. Ideal for 
small electric motors, transformers, and TV yoke 
coils. Extreme resistance to Freon 12 and 22 and 
low extractables make it an outstanding wire 
insulation for hermetic refrigeration motors. 


et £7 fl 


LectALite opens new magnet wire fields 
throughout the electrical industry. 


This new insulation offers more heat resist- 
ance, higher thermoplastic flow, higher dielectric 
strength, greater flexibility and lower extractables 
than vinyl acetal insulation—-with no increase in 
cost! Now available in sizes from 13 AWG 
through 30 AWG. 


Tests indicate LectALite is the superior insu- 
lation for use in hermetic refrigeration motors due 
to its outstanding Freon 12 and 22 resistance plus 
low extractables. LectALite insulation has been 
found to have 30°C margin over vinyl acetal 
insulation by test performed under AIEE No. 57, 
Oct. 1955, ““Proposed Test Procedure for Evalua- 
tion of the Thermal Stability of Enameled Wires”’ 
and MIL-W-19583 (NAVY) “Military. Specifi- 
cation Wire, Electrical, Magnet, High Temper- 
ature, Film Insulated”, July 15, 1955. Impreg- 
nation of LectALite wound coils can be done by 
any phenolic-alkyd type or suitable temperature 
rated impregnation varnishes. 


The Auto-Lite magnet wire line is complete 
in classes O, A, B, and H to meet your design 
requirements. 


ELECTRICAL, PHYSICAL 
AND CHEMICAL PROPERTIES 


Description of Test 

Build 

Heat Aging—hrs. 125°C 
Heat Aging Twist AIEE 200°C 
Heat Aging Twist AIEE 225°C 
Heat Aging Twist AIEE 250°C 


Dry Dielectric Break 
down—KV/mil 


Wet Dielectric Break 
down—KV/mil 


Wet Insulation Resistance 

G.E. Scrape Abrasion 
Cut-Through Temperature °C 
Heat Shock 


Solderability 
Extractables 
Solvent Resistance 
Freon 22 Resistance 
Freon 12 Resistance 


Chemical Resistance 
5% Sulfuric Acid 


5% Hydrochloric Acid 
1% Potassium Hydroxide 
Xylene 

Cresylic Acid 

Carbon Tetrachloride 
Naphtha 

Acetone 

Alcohol 

Pyridine 


Solvent Crazing 
Stretched 5% 
Dipped in Toluene 


Annealed 15 Min. at 10§ 
Dipped in Toluene 


Crazed Sample Heated | 
Min. at 150°C 


Adherence Twist Test-—4 in 
sample twisted on its owr 
axis until coating twist 
cracks 


LectALite 
Insulation 


0021 
1500 hrs 
506 hrs 
110 hrs 
20 hrs 


2.5 to 3.5 KV 


1.1 KV/mil 
1-2 months 
4s 

300-320 


1X at 175°C 
l hr. O.K 


Good—900°F 
15.9 507 
Good 
Excellent 


Excellent 


Very Good 
Very Good 
Very Good 
Very Good 
Good 

Very Good 
Very Good 
Poor 

Very Good 


Failed (Softens 


Very Slight Crazing 
No Crazing 


Heals Completely 


120 to wire break 


02 


17 
A/V 


1X at 125 
l hr. O.K 


Very Poor 
LED 

Good 

Fails 


Fair 


very Good 
Very Good 
Very Good 
Very Good 
Poor 

Very Good 
Very Good 
Poor 


Fair 


Viny! Acetal 
Insulation 


( 


Failed (Softens 


Craze 


Borderline 


Heals Comple 


Failure 


ately 









CLASS O (90°C) 










































COTTON— Unbleached, long-staple white 
cotton protects primary insulation from damage 
caused by sharp bends and mechanical handling. 
Even wrapping forms a close, firm, continuous 
covering for increased dielectric. Additional layers, 
when required, are wound in opposite directions. 
When impregnated or immersed in a liquid 
dielectric, cotton is Class A insulation; when 
used alone, it is Class O. Available with colored 
tracers for coding. Manufactured to latest 
NEMA specifications. Available in a variety of 
combinations with other insulations. Double or 
triple conductors, individually cotton or paper 
covered, formed into a unit by an over-all cotton 


or paper covering supplied to meet requirements. 


PAPER ~—-A thin paper ribbon, wrapped 

spirally with overlap, is bonded to wire with 
adhesive. When impregnated or immersed in a 
liquid dielectric, paper is Class A insulation; when 
used alone, it is Class O. Similar to cotton in 
protective qualities, occupies less space because 
of uniformity of size, and increases dielectric. 
Paper insulation is available with one cotton 
wrap applied over two wraps of paper wound in 
opposite directions. Available with wax coating. 
Manufactured with multiple or single paper 
with a % ” lap, on round, square, or rectangular 
wire to the latest NEMA specifications. 


Availability: Round, AWG #4 through #26; 
Square, AWG #4 through #412; 







Rectangular, width plus thickness not 
to exceed 0.650! 








CLASS A (105°C) 


COTTON—-When impregnated or immersed in a 
liquid dielectric, cotton is Class A insulation. 


PAPER-—-When impregnated or immersed in a 
liquid dielectric, paper is Class A insulation. 


CONVENTIONAL ENAMEL A smooth 
uniform insulation with the basic electrical, 


physical and chemical properties for limited use 







as Class A insulation. Manufactured in single 
and heavy grades to latest NEMA specifications. 


Availability: Round, AWG #9 through #40. 


Auto-Lite Magnet Wire Line Is Complete In All Classes 








FORMVAR-—A synthetic insulation of vinyl 


acetal, Formvar has better dielectric qualities, 













higher heat resistance, better flexibility and 
adherence, lower power factor and better 
solvent resistance than conventional enamel. 
Formvar is manufactured in single and heavy 
grades to the latest NEMA specifications. 





Availability: Round, AWG #4 through #40; 
Square, AWG #4 through #12; 

Rectangular, width plus thickness not 

to exceed 0.650”. 
















NyALite— Moisture resisting quality of a 
Formvar base coat is coupled with an overcoating 
of nylon, for its excellent craze resistance, 
to produce NyALite. The high dielectric qualities 


of each insulation combine to provide an 







excellent magnet wire both in single and 
heavy grades for winding difficult coils. 






Availability: Round, AWG #8 through #40. 







BondALite—A combination of a Formvar 
insulation plus a thermoplastic overcoat. 


BondALite can be quickly and easily bonded 













wire-to-wire without damaging basic insulation. 
BondALite can be bonded in three ways: oven 
heat, electrical resistance, and solvents. 

Ease of bonding simplifies manufacturing 


of coils of the most complex forms. 






BondALite No. 1 consists of Single Formvar with 


the addition of a bond coating to bring it up to 









the approximate dimension of Heavy Formvar. 


BondALite No. 2 consists of Heavy Formvar 
with a bond coating to bring it up to the 


approximate dimensions of Triple Formvar. 


BondALite No. 3 consists of Triple Formvar 
with a bond coating to bring it up to the 


approximate dimensions of Quadruple Formvar. 


Availability: AWG #20 to #30 















SodALite—A new polyurethane insulation 
designed for ease of solderability at low 
temperatures (650-700°F) without scratch 
brushing or chemical stripping. SodALite has 
excellent over-all electrical and physical properties, 
approaching vinyl! acetal insulation. 

It is manufactured under exacting conditions 


for ease of solderability. 


Availability: AWG #8 through #40. 





CLASS B (125° C) 


LectALite— (See page 2) 


IsALite—A new high temperature magnet wire 
for use up to 150° C as tested by Underwriter’s 
Laboratories and Auto-Lite tests performed 
under AIEE No. 57. This magnet wire is 
manufactured with a polyester type enamel 
Isonel) and found to have outstanding 


physical, electrical and chemical properties. 


Availability: Round, AWG #8 through #40. 


Latest equipment and controls assure consistent quality 


WIRE-O-METER— This convenient slide-rule type 
of pocket reference gives you complete specifi- 
cations on all common sizes of wire. At a glance 
it tells you area in circumference, feet to a 
pound and pounds per thousand feet, turns 
per lineal inch and per square inch, and ohms 
per foot and ohms per pound. 


MAGNET WIRE CATALOG— This quick reference is 
full of facts covering many different types of 
wire. It’s complete with physical, chemical, 
electrical and military specifications 


AIRCRAFT WIRE AND CABLE KiT—This handy kit 
gives you complete military specifications for 
Auto-Lite Aircraft Bai including samples of 
famous Auto-Lite 350 General Purpose High 
Temperature Aircr: aft Wire. 


WIRE GUIDE OF ELECTRICAL AND CHEMICAL PROP- 
ertTiES—Here’s a handy reference that gives 
you a complete run-down on 9 basic kinds 
of insulation. 


CLASS H (180°C) 


GLASS-DACRON An inorganic insulation 
bonded with suitable organic-inorganic binders for 
use at Class H ratings. Good electrical and 
mechanical properties are incorporated in this 


product to give improved flexibility and abrasion. 


It is wrapped in an even spiral, forming close, 


firm, continuous covering with single or double 


glass-dacron for increased dielectric strength. 


Availability: Round, AWG #4 through #26; 
Square, AWG #4 through #12 

Rectangular, width plus thickness not 

to exceed 0.650”. 








MAIL TODAY 


THE ELECTRIC AUTO-LITE COMPANY 
WIRE AND CABLE DIVISION 
PORT HURON, MICHIGAN 


(_] MAGNET WIRE CATALOG [] WIRE-O-METER 

[_] AIRCRAFT WIRE AND CABLE KIT 

[_] WIRE GUIDE OF ELECTRICAL & CHEMICAL PROPERTIES 
NAME 

FIRM 

ADDRESS 

CITY 

ZONE 























NOTHING can 


equal Stainless Steel 
in its unique combination of properties 


No other design material can match Stain- 
less Steel in its unique combination of 



















desirable properties: corrosion resistance, 
strength, hardness, beauty, cleanability 
and easy fabrication. If you’re looking for 
a reliable source of supply, remember that 
United States Steel offers you the widest 
range of types, finishes and sizes. 

UNITED STATES STEEL CORPORATION, PITTSBURGH 
AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION 
WAREHOUSE DISTRIBUTORS 


USS 
STAINLESS STEEL 


SHEETS - STRIP - PLATES - BARS ~- BILLETS 


PIPE + TUBES + WIRE + SPECIAL SECTIONS 


UNITED STATES STEEL 


















For Formability... 


Jet engine and pressure vessel 
makers are using roll-formed 
rings in large numbers these days 
Alloy Manufacturing Company 
in Pittsburgh is a major supplier 
of Stainless Steel fabricated parts 
and they process this steel on or 

dinary carbon steel rated 


equipment without difficulty 


For Cleanliness... 


Bates Manufacturing Company 
Lewiston, Maine, is a famous 
name in cotton goods. They used 
to have trouble with dyeing 
equipment; the iron vats held the 
old colors and “killed new 
colors. With Stainless Steel dye 
kettles, old colors actually rinses 


out, without costly scrubbing 


For Style... 


G & G Woodcraft, Dinette Divi 
sion, in Detroit, is selling a hand 
some new dinette table, designed 
by Gelitis, with a polished Stain 
less Steel top. The top is backed 
with plywood, and there is no 
metallic sound when it is struck 
Stainless is a perfect material for 
contemporary design, and it’s so 


prac tu al 





General Electric Speed Measuring Systems: 


Handsome Appearance and Top Quality 


Increase Customer Acceptance 


and Resale Value 


G-E application engineering and fast shipment 


help you get the right system when you need it 


COMPLETE LINE of indicators and recorders to choose from 
offers you the exact type speed measurement you require. 


General Electric speed measuring systems are offered 
in a complete line for every application; each system 
you buy is tailor-made to meet your requirements. 


Here are 9 reasons why you get optimum perform- 
ance for your investment with G-E speed measuring 
systems: 


1. Handsome appearance of G-E indicators con- 
tributes to the good looks of your product and increases 
salability. 


2. Top quality of every instrument assures you of 
extreme reliability under severe conditions. 


3. High accuracy of +1% of full scale is made 
possible by factory calibration of generator and indi- 
cator together. 


4. Small size of both generators and indicators 
gives you greater latitude when selecting a mounting 
position. 

5. Excellent readability of indicators is provided 
by long scales and large numbers. Non-parallax glass 


of DB-16 and DB-18 indicators allows reading from 
almost any angle. 


6. Totally enclosed, both generators and indi- 
cators are fully protected from dust and dirt. Explo- 
sion-proof enclosures are available on some models. 


7. Fast shipment of complete systems helps you 
meet commitments. 


8. G-E application engineering is available to you 
on request to help you solve your speed measuring 
problems and select the proper equipment. 

9. Any legend you require will be marked on your 
G-E tachometer indicator scales. Your instruments 
may be calibrated in units such as feet per minute, 
inches per minute, spindle rpm or any related speed. 


70 


Manufacturer’s or customer’s name may also be 
imprinted on the scale face. 


If you would like additional information on General 
Electric’s complete line of speed measuring systems, 
call your nearest General Electric Apparatus Sales 
Office or write for Bulletins GEC-1258 and GEA-6427 
to Section 585-57, General Electric Company, Sche- 
nectady 5, New York. 


EXCEPTIONAL ACCURACY is made possible because gen- 
erator and 1. jicator are calibrated as a unit at the factory. 


GENERAL @@ ELECTRIC 
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Another General Motors Value 


Does part size limit use of metal powder? 


Everything has limits. But the illustrations above will 
give you some idea of the wide range of part sizes 
easily produced from metal powder. 


Often a single press operation will replace many 
machining operations, yet the finished part comes 
off the line more accurately made in every detail. 
Moraine Products has the experience gained from 
the production of hundreds of millions of metal 
powder parts in an infinite variety of shapes and 
sizes. This experience and our familiarity with 


other types of metal working processes, guide our 
engineers in determining whether our materials 
and our processes are best suited to the production 
of a specific part. 

When we accept a job to make metal powder 
parts, it is only after thorough study has shown 
that the customer will receive parts of the highest 
uniform quality for dependable end-product per- 
formance. Of course, on-time delivery is assured, 
regardless of quantity. 


Moraine Products also produces: Moraine Power Brakes—Delco hydraulic brake fluids, 


brake assemblies, master cylinders, wheel cylinders, and parts 


Moraine friction materials — 


Moraine-400 and M-100 automotive engine bearings —self-lubricating bearings and porous 
metal filters--rolled bronze and bi-metal bushings. 


y 
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) Moraine Products 


Division of General Motors, Dayton, Ohio 





Know your timer types... 


Grouping the multiplicity of timer 
types into four broad classes sim- 
plifies equipment designer's job: 


INTERVAL TIMERS 

The first—and simplest—group is 
that of the interval timers. These 
consist basically of a motor, an arm 
or cam, and a switch. To operate the 
timer, the user simply sets the 
mechanism manually to the desired 
time interval. This action transfers 
switch contacts that start the timer 
motor. 

The motor drives the timer mech- 
anism to the end of the timing cycle. 
At this point the switch returns to 
its original position and the motor 
shuts off. 

A variety of dials, knobs, push- 


INTERVAL TIMER of advanced design, the new 
Cramer Type 241 features large easy-to-read 
dial, pushbutton start, automatic and imme- 
diate reset and repeat accuracy of + \% of 
1% of full scale. Bulletin PB-241. 


button start, automatic reset fea- 
tures, special housings and additional 
load switches may be used, but the 
basic operation is the same. Interval 
timers are used in applications that 
require frequent changes in setting 

like photographic exposure timing. 


TIME DELAY RELAYS 

The time delay relay represents 
the second large group of timing 
devices. These units provide accu- 
rately timed delays between the 
closing of an external remote switch 
and the transfer of a load switch. At 
the end of each cycle, the motor 
shuts off automatically, and the 
standard device remains in this 
“timed out’ condition until the 
clutch is released allowing the timer 
to reset. Other variations reset 
automatically at the end of a cycle. 
Models are available to either reset 
on power failure or suspend opera- 
tion until the circuit is restored. 

Special housings, additional 


switches, various clutching mecha- 
nisms, and a wide selection of wiring 
arrangements make the time delay 
relay an extremely versatile device. 

A typical application is for regulat- 
ing processes such as heat treating 
where the timer controls the amount 
ot time required to produce the 
desired change in the metal. 


TIME DELAY RELAYS—like the Cramer Type 
440A above—are rugged, dependable and 
accurate devices to control from 1 to 5 load 
circuits. For flush, surface or panel mount- 


ing. Bulletins PB-310 and PB-311. 


CYCLING TIMERS 
In the third category are found 
the cycling timers. Fundamentally 
these units are made up of the driv- 
ing motor, a cam (or arm) which is 
revolved continually by the motor, 
and a switch operated by the cam. 
The cycling timer produces switch 
transfer repeatedly, according to the 
cam cuts, as long as the motor runs. 


CYCLING TIMERS — like this Cramer Type 520 
come in 1 to 8 poles. Normally factory pre- 
set for highest accuracy. Operating speeds 
1 rev./6 sec. to 1 rev./day. Bulletin PB-510A. 


TALK IT OVER WITH 


CRAMER 


Variations of the cycle timer 
include changing the motor speed, 
cutting cams in an almost infinite 
number of combinations, and adding 
switches. The cam setting may be 
fixed or adjustable. Special housings 
are available. Cycle timers are used 
to control a program or sequence of 
events as in a signaling system. 

TIME TOTALIZERS 

Time totalizers, or elapsed time 
indicators, range in complexity from 
a simple motor-driven counter to 
the precision time totalizer used in 
scientific research. The former, 
usually used as a running time meter, 
counts discrete time units from 
tenths of a second to hours. The 
more elaborate time totalizer is 
actually an electrical stop clock 
capable of measuring time intervals 
to an accuracy of + 0.01 second. 
Running time meters are used to 
record the operating or down time 
of industrial machines. They are 
offered in many models—with or 
without reset, in portable or die-cast 
enclosures, etc. Time totalizers are 
commonly applied in test equipment 
for industrial and military labo- 
ratories. 


TIME TOTALIZER of laboratory quality. The 
Cramer Type 690 features easy-to-read scale 
and pointers for fast, exact readings, accu- 
racy to + 0.01 second. Reset lever conven- 
iently located on dial face. Bulletin PB-610. 


LEARN MORE about these four basic 
timer types from Cramer’s complete 
line. Just ask us to send you our bul- 
letins on the types that interest you. 
Nearly 100 varieties are stocked for 
immediate shipment. Cramer Con- 
trols Corporation, Box 7, Center- 
brook, Connecticut. (Formerly R.W. 
Cramer Co.) 73 


CONTROLS 


CORPORATION 
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Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 
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Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill ond Tapper. Truarc 
rings speed assembly, reduce machining, improve design 








~~ AS 


,, sania , 


Bell Crank Pivot Assembly 


Truarc Rings (Series 5100) in Bell Crank Pivot assembly per 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 


considerably 





Whatever you make, there’s a Waldes Truarc Re- 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They’‘re 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truare “E” Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 

the danger of cross-threading nuts...and costly rejects 
Trvarc Rings cut assembly time and cost 
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ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Trvore Rings (Series 5100) secure and position end of verti 
cal air cylinder. Rings eliminote extra cost of machining 3 
diameter pin, threading and undercutting plus nut and 
washer. Assembly is quick and sure 


different sizes within a type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 
90 stocking points throughout the U. S. A. and Canada 


More than 30 engineering-minded factory repre 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 


controlled from raw material to finished ring. 


36 functionally different types ...as many as 97 


engineers help you solve design, assembly and pro- 
duction problems... without obligation 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 


WALDES Waildes Kohinoor, inc., 47-16 Auste! Place, L.1.C. 1, N.Y 


K Please send the new supplement No. | which 
brings Truarc Catalog RR 9-52 up to date 
(Please print) 
Name 
Title 
Company 


RETAINING RINGS 


WALDES KOHINOOR, INC. Zone State 
47-16 AUSTEL PLACE, L. 1. C. 1, N. Y. 
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U Patents 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in fore 


Business Address 
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Electromechanical—Resistors « Switches « Television Tuners © Vibrators P.R. MALLORY & CO. inc 
Electrochemical—Capacitors « Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts ©* Specia! Metals « Welding Materials 

rue 


big Ratings 
Small Price 
Unlimited Uses 





—with the Mallory 
Miniature Plunger Switch 


POSSIBLE USES 


Operate it by cam, door, button, slide or index. Use it singly— 
or gang them for sequence. Pick a sequence contact combination 


for your problem. 


THE SPECIFICATIONS CIRCUIT COMBINATIONS 

These are only two of the many 
15 Amps 240 volts AC | possible circuit combinations of the 
20 Amps 120 volts AC plunger switch. 


' 9 7 ——e RELEASED PARTIALLY FULLY 
L's H.P. 240 volts AC POSITION DEPRESSED DEPRESSED 


34 H.P. 120 volts AC a“ edly ae oa 
"x ' (thick) spades 
.441’’ single mounting hole required 
l'e@’’ maximum diameter 
\4’’ plunger travel 
Nostop at intermediate position. Spring 
returns plunger to released position. 


For complete literature and prices, write or call Mallory—today. 


Expect more...get more from 


Serving Industry with These Products: 





R MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 
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ANNOUNCES 


Important New Developments 





in Compressed Air Filters 


and Pressure Regulators 


NEW Norgren Air Line Filters 


@ LESS PRESSURE DROP — larger passages and larger filter element 


@ BETTER LIQUID REMOVAL — Improved louver plate and baffle design. Removes 


more liquid from the compressed air line. 


@ CHOICE OF FILTER ELEMENT—interchangeable filter elements, 74, 64, or 25 micron, 


NEW Norgren Pressure Regulators 


@ GREATER ACCURACY OF REGULATED PRESSURE —bolonced valve and in- 


creased effective diaphragm area provide improved accuracy over a wide 
operating range. 


@ RELIEVING OR NON-RELIEVING TYPE AVAILABLE 


@ IMPROVED RELIEVING CHARACTERISTICS — automatic relief of excess pressure. 


Holds system pressure close to regulator setting. 


For complete information... 
call your nearby Norgren Representative listed in your telephone directory—or 


CATALOG. 


3428 SOUTH ELATI STREET 
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COLAC. 


Tleus WiGH-IMPACT THERMOPLASTIC RESIN 


(<) 


THE PERFECT RESIN 
FOR THE MANUFACTURE 
OF ANY PRODUCT 
THAT DEMANDS... 


Chemical Resistance 


Lightweight 


Injection Molding ... Extrusion... 
Calendering .. It’s CYCOLAC for any 
or all Three Methods 


Injection molded items for high gloss, dimensional 


stability; extruded items for high production of sheet, 


Non-Corrosion 


Dimensional Stability 


pipe, or profiles; calendered sheet stock for post-form- 


ing operations. All products characterized by high 


High Impact Strength impact resistance, bright colors, chemical resistance, 


Machinoability low brittle point, low creep and excellent electrical 
Economic Molds 


. i properties. 
Low Brittle Point 


High Heat-Distortion 


Get the Facts... (ARENT T RTI 


i i 
M or bon Division of BORG-WARNER 


Write Today for : 
TECHNICAL LITERATURE Ub , GARY, INDIANA 


MARBON CHEMICAL .. . Precision Resins for Precision Made Products 
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51 Ohayv SHER 


For automatic transmissions 
and similar bearing applications 


Solid steel or bronze; steel faced with babbitt or copper-lead, or 
copper-lead on both faces. Flat, spherical or special shapes. Grooves, 
holes, nibs, scallops or lugs. O.D. 1” to 6”. Wall thickness: solid, 
.028”" to .141”; bimetal, .034” to .141”. Cold rolled for heavy-duty. 
Large capacity. Complete engineering service. 


FEDERA!I ivi 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11043 SHOEMAKER, DETROIT 13, MICHIGAN 
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TAYLOR 


‘Vulcanized Fibre. 


= 


PHENOL — MELAMINE -— SILICONE — EPOXY LAMINATES ° 


Tips for designers 





Terminal board for a complex circuit in an 
electronic spectrophotometer instrument is made of 
Taylor Grade LE laminate . . . selected for its 
insulating and mechanical properties. 


Large exhaust fans use Taylor paper base 
phenolic washers to help absorb thrust... an 
inexpensive arrangement, with long life. 


Welders’ helmets are fabricated from tough, 
durable Taylor vulcanized fibre . . . readily 
formed to many desired contours. 





Rotary lawn mower utilizes abrasion resistance 
of Taylor phenolic laminate washer in slip-clutch 
attachment of drive shaft to cutting blade. 





TAYLOR FABRICATING 
FACILITIES 


Your production problems can 
often be simplified . . . schedules 
safeguarded . . . inventory head- 
aches cured . . . and overall costs 
reduced by having Taylor fabri- 
cate finished parts of vulcanized 
fibre and laminates to your 
specifications. Efficient, modern 
facilities are ready to serve you. 
Write to Taylor about your spe- 
cific requirements. 











Ker 


TAYLOR 


FIBRE CO. 


Plants in Norristown, Pa. and La Verne, Calif. 


COMBINATION LAMINATES ° 


COPPER-CLAD LAMINATES ° 


VULCANIZED FIBRE 


Chosen for its mechanical strength and electrical insulation, this Taylor 
laminated tubing provides an economical means for making (1) ar 


ignition breaker arm bushing and (2) a distributor terminal bushing. 


Strength plus electrical insulation, 
available in Taylor laminated tubing 


Among the most versatile basic 
materials available to the designer, 
Taylor laminated plastics are con- 
stantly finding new applications 
. in new products for future 
markets and as replacements for 
parts in current production. 


Widely used in flat sheets for the 
fabrication of parts for electrical 
components, Taylor laminates are 
also available in tube form. This 
makes them applicable to an even 
greater number of parts . . . such 
as bushings, guides, shafts, and 
housings for resistors, thermistors 
and fuses. The tubes are supplied 
with inside diameters as small as 
36”. Standard lengths are 36” or 
49”, depending on grade, inside 
diameter and wall thicknesses. 


Included in the broad selection of 
Taylor laminated tubing are a 
great variety of different grades 


. . . paper, fabric and glass bases 
combined with special formula- 
tions of phenol, melamine, sili- 
cone and epoxy resins. Each grade 
offers electrical and physical prop- 
erties which qualify it for a speci- 
fic application at a reasonable 
price. 


Of particular interest to economy- 
minded designers and production 
managers is the fact that this 
laminated tubing permits the use 
of a part for a mechanical applica- 
tion without the need for extra 
electrical insulation. 


Plan to take greater advantage of 
Taylor laminates . . . in tube, 
sheet and rod form. . . either in 
your present products or in those 
which you are now designing. Call 
or write for a discussion of your 
specific requirements. 
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Steel wire comes in so many different grades, 
shapes and finishes that it isn’t easy to keep 
them all at your fingertips. 

For this reason, we suggest that you give your 
American Steel & Wire representative a chance 
to help with new designs while they are still on 
the drawing board. He may be able to suggest 
1) a more economical wire, 2) a wire that will 
fabricate more easily or 3) a slight design 
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Designing a new wire product? 


Call American Steel & Wire! 


change that will simplify production or lower 
the cost of the raw material. 

At AS&W, we use a lot of wire in our own 
plants; and have learned many little tricks that 
are yours for the asking. Just call your Ameri- 
can Steel & Wire representative. 

AMERICA STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 


TENMESSEE COAL & IRON DIVISION, FAIRFIELD, ALA.. SOUTHERN DISTRIBUTORS 
UBITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN MANUFACTURERS WIRE 


AMERFINE—high quality fine wire. 
AMERSPRING— music steel spring wire. 


AMERTEMP—heavy-duty oil- 
tempered wire. 


AMERLO¥—alloy heading wire. 


AMERSTITCH—extra-tough metal 
stitching wire. 





AMERHEAD—uniform heading wire. 








Tough Design Problem Solved 


by Investment Casting.... 


The precision-investment-casting process proved to be the 
most practical and economical way to produce an efficient 
turbine wheel for a diesel engine supercharger. The wheel 
rotates at 42,000 rev. per min. and is exposed to a 1450- 
deg. F. temperature. It had to be made of a hard-to-machine 
alloy capable of standing up under these severe service 
conditions. Yet, to operate efficiently, the vanes of the wheel 
had to be extremely thin and formed to an intricate shape. 

The vanes and wheel were produced as one integral part 


by Haynes’ precision-investment casting process. Only 


two simple finishing operations were needed to put the 
wheel in service. The vanes are only 0.040 in. thick . . . too 
thin to produce by other methods without a prohibitive 
amount of machining on a hard, tough alloy. 

The successful production of this turbine wheel points up 
one of the big advantages of Haynes’ precision -invest- 
ment casting process . . . the planning freedom it offers to 
design engineers. For the full story on how this modern 
mass-production method can help you, contact one of the 


District Sales Offices listed below. 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


General Offices and Works: Kokomo, Indiana 
Sales Offices 


Chicago - Cieveland - Detroit - Houston - Los Angeles - New York - San Francisco - Tulsa 


“Haynes” is a registered trade-mark of Union Carbide and Carbon Corporation. 
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ENJAY BUTYL 
“LOAD CUSHION” 


replaces stee/ springs in big 





The “load cushion”’ is an important innovation in tandem suspension. Devel- 
oped by the Hendrickson Mfg. Company, it is made of Enjay Butyl and 
replaces steel leaf springs. Utilizing the great strength and impact resistance 
of Enjay Butyl, the “load cushion” gives the ultimate in a soft, easy ride 
within the complete range of loading, from empty to full. Besides giving a 
smoother, steadier ride, it increases tire mileage, reduces weight and signifi- 
cantly reduces wear and tear on equipment. 


Enjay Butyl has proved to be the answer to problems in many fields of 
industry. It may well be able to cut costs and improve the performance 
of your product. Low-priced and immediately available, Enjay Butyl may 
be obtained in non-staining grades for white and light-colored applications. 
Get all the facts by contacting the Enjay Company. Complete laboratory 
facilities and technical assistance are at your service. 


Pioneer in Petrochemicals 











The unique design of the “load cushion” accounts for 
smooth, even rides in the full range of loads, e:apty to 
full. Enjay Butyl Rubber (in red) made it possible. 


Tractor Trailers 


Enjay Buty! is the super-durable rubber 
with outstanding resistance to aging « 
abrasion + tear « chipping + cracking + 


ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N.Y. ozone and corona + chemicals + gases 


Akron + Boston + Chicago « Los Angeles « New Orleans + Tulsa 
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* heat + cold + sunlight « moisture. 


81 








“Only [arpenter Stainless Tubing gives us 
failure-proof service”’ 


The manufacturer of these four truly maintenance-free 
packless expansion joints (shown by arrows, above) 
has tried other stainless tubing, but says Carpenter 
Stainless Tubing is the “only one that renders failure- 


proof service’’. 


These joints absorb thermal expansion, operating at 
pressures up to 210 psi and temperatures up to 650°F. 
They are typical of expansion joints made from 
Carpenter Tubing which operate at pressures up to 
10,000 psi or temperatures as high as 1800°F. Once 
installed, they have never been replaced. Some have 
been in service over 15 years. The quality and uniform- 
ity of Carpenter Stainless Tubing contributed greatly 
to the trouble-free fabrication and maintenance-free 
service of these joints. 


If an extra measure of quality in stainless tubing and 
pipe can improve your products or operation, call your 
Carpenter Distributor. He’s your nearby source of 
better stainless tubing and pipe. 


The Carpenter Steel Company, 
Alloy Tube Division, Union, N. J. 


MEMBER 


The Carpenter Steel Co., Port Washington, N.Y.—‘*CARSTEELCO 


Stainless Tubing & Pipe 
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SIMULTANEOUS 


TRIPLE-POLE SWITCH 


for interrupting 3-phase, 
110 V, 400 cycle AC circuits 





6-CIRCUIT CONTROL — in a smal! package. 
Makes possible a wide variety of circuit combinations. 


SIMULTANEOUS “MAKE 4&2 BREAK" ACTION 
Permits unusual applications, reduces arcing, prolongs 
switch life and increases electrical capacity. 


TRIPLE-POLE SWITCH 





OPERATING CHARACTERISTICS P , ' , 
This completely new Electro-Snap triple-pole switch simul- 
CONTACT ARRANGEMENTS: ; . A h h indi f 
K3-4—TRIPLS-POLE, DOUBLE THROW neously reverses current flow through three windings of a 
K3-2—TRIPLE-POLE, NORMALLY OPEN phase motor up to 1 H.P. and interrupts other types of 


K3-1—TRIPLE-POLE, NORMALLY CLOSED ol de : : 
snulti-switching installations. Instantaneous snap-action of the 
ELECTRICAL RATING: 


three poles is independent of the speed of actuation — even 
15 AMP 125/250 V.A.C. po pe pee 


15 AMP 30 V.D.C. RESISTIVE extremely slow moving cams can be used, 
10 AMP 30 V.D.C. INDUCTIVE 


PROBABLE MECH. LIFE............. 1,000,000 OPS The K3-Series offers designers a wide variety of 3-phase cir- 
PROBABLE ELEC. LIFE 500,000 OPS : . ? er ; 
AMBIENT TEMP. RANGE... ..--100° To +-275° B° cuit hookups for servo-controls, to limit movement of machine 


*(—100° to +375°F. available) members and as a start-and-stop switch which formerly were 
ssible only with complicated relays or a number of separate 
FRONT ViEW |_|} 4 = 7 P 7 , P 
switches. A large selection of standard actuators is available. 
C— 








LOOK WHAT YOU CAN DO WITH IT! 


Wire Movable Poles in Series for High Voltege 
or in Parallel for High Current 
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NEW-self-locking UNBRAKO 


HOW NYLOK® LOCKS: 











LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together and locks the screw securely. 
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socket head cap screws 


a 


Self-locking UNBRAKO socket head cap screw. 


BEFORE ASSEMBLY. The nylon pellet pro- 
jects slightly. When assembled, threads will 
be impressed into it. 


AFTER REMOVAL. “Plastic memory” of 
pellet has expanded impressed threads to 
greater diameter than screw threads. Screw 
can be used repeatedly. In use, “memory” 
keeps threads tightly locked. 
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They won't work loose. And they sim- 
plify design and save production time. 


UNBRAKO socket head cap screws are now available embody- 
ing the Nylok* self-locking principle. Nylok provides the 
first truly practical solution to the problem of making cap 
screws self-locking. 

An UNBRAKO cap screw with Nylok is a single self-locking 
unit. No auxiliary locking devices are needed. Just thread 
the UNBRAKO into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The tough, resilient 
nylon pellet forces mating threads together and holds tight. 
The screw will not work loose. 

You save production time when you make products with 
self-locking UNBRAKOs. And you get greater simplicity in 
design with less bulk and weight. The number of parts you 
must assemble to achieve full locking action is reduced to 
the absolute minimum. Lockwashers under screw heads are 
no longer necessary. Costly wiring of cross drilled heads 
is eliminated. And in many cases you will save weight 
and mass by using shorter screws in tapped holes instead 
of drilling through and using nuts and lockwashers. 

Self-locking UNBRAKOs are reusable. They have uniform 
locking and installation torques—with no galling or seizing 
on mating threads. They successfully withstand temperatures 
from —70° to 250°F. And, when screws are properly 
seated, the locking pellet also functions as a liquid seal. 

A complete line of self-locking UNBRAKO© socket screw 
products, in a wide range of standard sizes, materials and 
finishes, is available through your authorized industrial 
distributor. Technical data and specifications are detailed 
in Bulletin 2193. Write us for your copy today. Unbrako 
Socket Screw Division, STANDARD PRESSED STEEL Co., 
Jenkintown 28, Pa. 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


UNBRAKO SOCKET SCREW DIVISION 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 





Made for Each Other 


High-speed sigma welding a 5-in. thick alloy paper mill roll. Note top quality of multipass weld beads. 


... SIGMA WELDING AND ALLOYED METALS 


Because sigma welding joins modern alloys of varying types and thicknesses in fast, 
clean operations, it has gained recognition by manufacturers throughout industry 


as the most efficient welding process for a wide range of alloy fabricating jobs. 


Combines Advantages 

Sigma welding is an extremely versatile process—it joins metal alloys ranging in 

thickness from 0.035 inch to more than five inches (in multipass operations)— 

and attains up to four times faster wire deposition than other welding processes. 
Gain the full advantages of modern sigma welding . . . Contact your local LinpE 


Representative for complete information, cr write today for free literature. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporaticn 
30 East 42nd Street UCC] New York 17, N. Y 
Offices in Other Principal Cities 
in Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 





The term ‘‘Linde’’ is a registered trade-mark of Union Carbide and Carbon Corporation 
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Guarantee TOP Performance and Maximum Life!? 


4 THESE TOP QUALITY FEATURES... 


(Standard on Miller Cylinders at no extra cost) 


; Y Benefits To You 
ope CASE-HARDENED Piston Rods (52-54 


Rockwell “C”) provide practically com- 
plete protection against damage from ham- 
mer blows, wrench-dropping, mishandling, 
and similar occurrences. Available from 
Miller at no extra cost. 

The HARD CHROME PLATING over 
the case-hardened rods protects against 


scratch-damage and rust. Available from 
Miller at no extra cost. 


- e 
Speci 


Benefits To You 


“TEFLON” Rod Wipers and “TEFLON” 
Hydraulic Piston Rod Seals withstand tem- 
peratures from—100°F. to plus 500°F. They 


ell 
° are impervious to practically all known 
Y chemicals, including the fire-resistant, spe- — 
722 cial, and standard hydraulic fluids in cur- 


rent use. Available from Miller at no 
extra cost. 


Benefits To You 


Highest quality Black Ferric Oxide Finish 
provides rust protection in air cylinder op- 
eration and on all cylinders during ship- 
ping and installation. 


Cylinder heads, caps, mountings, pistons, 
followers, tie rods, and the unplated por- 
tions of the piston rods have this finish 
at no extra cost on all Miller cylinders. 
(This finish not recommended for water 
service } 


NOTE. On all Miller Hydraulic Piston 
Seals: Leather Cup Seals are standard, 
Piston Ring Seals are optional at no extra 
signed — cost, and “Teflon” Cup Seals are available 
at extra cost. 
additional coPse” Titlek_—— 


request. Member of the National Fluid Power Association 


MILLER FLUID POWER DIVISION 


SALES AND SERVICE FROM COAST TO COAST 


i > | 
CLEVELAND * YOUNGSTOWN « DAYTON ® TOLEDO ® CINCINNATI © COLUMBUS { ° 
PITTSBURGH © PHILADELPHIA * BOSTON © HARTFORD © NEW YORK CITY “ 
BUFFALO © ROCHESTER « MINNEAPOLIS © GRAND RAPIDS © DETROIT © FLINT = | Pe" 2002-04 N. Hawthorne Ave. Melrose Park, Ill. 
FORT WAYNE © SOUTH BEND * INDIANAPOLIS * MILWAUKEE © LOUISVILLE = - 


KANSAS CITY * SEATTLE © LOS ANGELES © SAN FRANCISCO © BALTIMORE * ~a/ 

DENVER © ST. LOUIS * MOLINE © CHICAGO ¢ HOUSTON © ATLANTA AIR & HYDRAU CYLINDERS * BOOSTERS * At Teele) 
NT ANADA THER AREAS 

TORINO, COONDA ond © OUNTERBALANCE CYLINDERS 








Are your seals or bearings subject to difficult 
operating conditions? 


GRAPHITAR has the 


(Carbon Graphite ) 


specific 


properties needed in difficult 
applications like these... 


THE MOST IMPORTANT BEARING 


Dependability is vital in the power plant 
of the Navy’s atomic submarine U.S.S. 
Nautilus which has steamed a total of 
about 50,000 miles of which approxi- 
mately half has been submerged. In the 
reactor cooling system of the submarine, 
special “canned” motor pumps with in- 
tegrated pump and drive motor were 


developed by Westinghouse. The bear- 
ings in these pumps, which are made of 
GRAPHITAR, must withstand high 
speeds, high temperatures, high pressures 
and must operate for indefinite periods 
of time without maintenance and with 
radioactive water as the only lubricant. 
Westinghouse Electric Corporation engi- 


neers—the builders of the Nautilus’ 
atomic power-plant—find that GRAPHI- 
TAR is excellent for this difficult bearing 
application, because of its strength, dura- 
bility, self-lubricating properties, and 
chemical inertness. If your design calls 
for superior bearings, consider the mate- 
rial that worked on such a demanding job. 


THE UNITED STATES 


GRAPHITAR” caraon-crapmite * GRAMIX” sinreneo erat parts © MEXICAN” crapnire prooucts * USG” prusues 
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The Bausch & Lomb Optical Co. of 
Rochester, N.Y., world renowned manu- 
facturer of precision, scientific optical 
instruments, employs 10 GRAPHITAR 
bearings in its unique and highly spe- 
cialized “ruling engine.”” The GRAPHI- 
TAR bearings provide dimensional 
stability within one-millionth of an inch 
for micro-inch accuracy in cutting 
15,000-30,000 equidistant lines to the 


GRAPHITAR is the main shaft seal in 
the Pratt & Whitney J57 turbojet engine 
which powers many of our new aircraft, 
including the huge Boeing B-52 Inter- 


GRAPHITE 


THE MOST EXACTING BEARING 


inch on 7” aluminized glass blanks to 
make diffraction gratings used by science 
and industry for spectroscopic analysis. 
Bausch & Lomb engineers have found 
that GRAPHITAR is unsurpassed as a 
bearing material where very close toler- 
ances must be maintained and where 
frequent starting and stopping under 
heavy loads is a problem. These bearings 
have contributed greatly to the achieve- 
ment of extreme accuracy in this applica- 
tion. If you require precision perform- 
ance as was the case with a “ruling 
engine” why not use GRAPHITAR ? 


THE MOST IMPORTANT SEAL 


continental Bomber, which has eight of 
these turbojets. Naturally, the J57 must 
perform with utter dependability. One 
of the components of the J57 is the 


C0 


DIVISION OF THE WICKES CORPORATION, 
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air/oil seal of GRAPHITAR on the 
turbine main shaft, and this seal is sub- 
jected to tremendous shaft speeds, as 
well as other taxing physical conditions 
GRAPHITAR parts can stand severe 
operation because they are strong and 
are virtually unaffected by extremes of 
speed, pressure, and temperature. If your 
product develops high speeds or other 
difficult physical stresses on its parts, 
perhaps GRAPHITAR components 
could give it more dependable operation. 


THE TOUGHEST 
APPLICATION 


Steel mills are famous for the rough, 
tough, heavy-duty jobs that they perform. 
In such difficult steel mill applications 
as bearings for shear and cut-off tables 
or coil and slab conveyors, metal-backed 
GRAPHITAR parts provide exceptional 
strength and durability. GRAPHITAR 
alone is a very strong bearing material, 
and when backed with metal has added 
resistance to shock. Because of its very 
low coefficient of friction, GRAPHITAR 
can operate under heavy loads at high 
speeds with no lubrication. Can the 
strength and superb bearing qualities of 
GRAPHITAR simplify your product 
design? 


Get your copy of 
Engineering 
Bulletin No. 20. 


GRAPHITAR is compacted from car- 
bon-graphite powders under great pres- 
sures, then furnaced at heats near 4500°F. 
It can be formed in relatively complex 
shapes and ground to tolerances as close 
as .0005”". For more information on this 
strong, light, self-lubricating engineer- 
ing material, write for our Engineering 
Bulletin No. 20. 


MPANY 


SAGINAW, MICHIGAN 
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DESIGNING HEAT INTO YOUR PRODUCT? 


General Electric Metal-sheath Heaters 
Save Time in Both Production and Design 


HEATING LIQUIDS 





DISHWASHER MAKER CHOSE screw- 
in type G-E immersion heater from 
wide variety available. Threaded 
fitting speeds installation. 





EASILY FORMED WITHOUT BREAK- 
ING ... this is reason why General 
Electric tubular heaters are choice 
of branding-iron manufacturer. 


LARGE RADIATING SURFACE per 
unit length of G-E finned tubular 
heaters allows maximum air circu- 
lation in forced-convection heating. 


DIRECT CONTACT WITH LIQUID over entire SIMPLE ELECTRICAL CONNEC- 
heating surface provides fast heat-up and TIONS, after heater is screwed 
minimizes heat-transfer losses. Thermostat is into place, complete installation. 
easily installed for temperature control. Assembly is fast, easy. 


; 


a } 
- ins a 


STURDY METAL SHEATH permits casting LONG LIFE comes from com- 
heaters right into die body—without pro- bining quality die work with 
duction headaches. Result is dependable, dependable G-E heaters. Users 
even heating of entire die surface. report up to 12 years life. 
” Protective metal casing Brazed fins 
for quick heot transfer 


rl: 


1 PS Be 
pal 


COAL 
AVY 
2 COMPLETELY ENCLOSED heating element of 3 PRE-FORMING TO YOUR SPECS 
General Electric finned heaters is protected reduces on-site fabrication time 


from dust in the air stream, eliminating and costs, and helps solve 
trouble from short circuits. problems of installation. 


HANDY SELECTOR GUIDES Mail to Section D723-11, General Electric Company, Schenectady 5, N. Y. 


LIGEA-6113 Handy Selector Guide for Metal Melting 
LIGEA-6146 Handy Selector Guide for Surface Heating 


Learn how to pick the right G-E heater for your job. CIGEA-6305 Handy Selector Guide for Water, Alkaline or Plating Baths 


NAME 
COMPANY 
ADDRESS 
CITY 


(JGEA-6306 Handy Selector Guide for Heating Oil 
1957 Catalog of Heaters and Devices 


For more information, contact your local G-E Apparatus Sales Office 


GENERAL @@ ELECTRIC 
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find a low-friction seal 
that positively seals at 
extremely low pressures 


minnesota rubber’s 
money-saving new 





THE LINDSAY COMPANY, world’s largest manufacturer of automatic home 
water softeners, uses three QUAD RINGs in its newest valve. Lindsay tested O-rings 
in the valve, but O-rings leaked at very low pressures. Then Lindsay tested Quap 
RInGs, a revolutionary new seal originated and manufactured by Minnesota 
Rubber. Quap RInGs sealed perfectly no matter how low the pressure. The Lindsay 
Company also found that it could open some of the tolerances on the valve parts 
and save money—because QUAD RINGs give such a good seal with low friction 

Quap RINGs are injection molded. Denser, tougher. 4-lip action even seals at 
less than 1 psi! Only 60-100 micro-inch groove finish needed. No parting line on 
sealing surface. Eliminates “spiral twist” 


QUAD RING is Minnesota Rubber and Gasket trade mark 
free samples and technical brochure. Write today to: 


u minnesota rubber and gasket company 





Originators of modern rubber injection molding 


Dept. 201, 83680 Wooddale Ave., Minneapolis 16, Minnesota, Phone WEst 9-6781 
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Riveting With a Hammer in 
Blind or Open Applications 


Elimination of special riveting tools can mean 


faster production, lower costs, no down time. 


J. K. BARRY, M. E. 


The use of blind rivets installed with 
only an ordinary hammer from one 
side of the job offers a highly simpli- 
fied method of fastening. Speed, con- 
venience and /ow installed cost make 
Drive Riveting preferable not only for 
blind joints, but for fastening many 
parts that can be reached from either 
side, 

The Southco Drive Rivet has a cored, 
slotted body with a grooved pin pro- 


truding from its head. When the rivet 
is inserted through parts to be fas- 
tened, the pin is driven flush with the 
rivet head causing the expanding 
prongs to form a blind head behind 
the rear sheet. No further finishing is 
necessary, since the pin seats itself 
permanently to complete the smooth 
head contour. 
Drive Riveting has five major advan- 
tages: 

1. No investment in special tooling 


- No lost time for tool repairs. 
No limitation on the number of 
men who can install rivets. 

4, Speed comparable to nailing. 
5. Only one man is needed. 
Widely 


doors 


used in truck bodies, storm 
metal buildings and hundreds 
of other industrial applications, Southco 
Drive Rivets make a secure, vibration- 
prool 1 


int. A wide range of head 


styles, diameters and grip lengths is 


ay ailable 


RECOMMENDED APPLICATIONS FOR DRIVE RIVETING 





Rivet Inserted 

















Ay 


Rivet Compresses into Material 


lo Coultersiih Needed 





Rivet 
Expanded 





Plywood 


Ferrule dnd Rivet 
Form Drawer Pull 
|_ Form br 





Lever 
< Extrusion 








/ 
/ 


/ 
/ 
eSOUT1 CO See 


°1956 J x-TON J 


/ 
/ 


Southco Div., South Chester Corporation 


236 Industrial Highway, Lester, Pa. 
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MODERN 
PAUL 
BUNYAN... 


HARRISON! 


= 


Diesel-Powered Log-Loader 
Runs COOL with HARRISON 


Heat-leveller for a mighty lumberman! That’s Harrison’s 
job on this Detroit Diesel powered Link-Belt log- 
loader. Hoisting huge logs day in and day out is a hot, 
grueling job. But Harrison’s heavy-duty, high- 
capacity oil cooler holds heat down . . . keeps 
temperatures level. For temperature control is our 
business at Harrison—we're specialists in heat control 
for giant, off-the-road equipment. And that’s not 
all... you'll find Harrison heat exchangers on the most 
advanced aviation, marine, railroad and industrial 
equipment. If you have a cooling problem, look 

to Harrison for the answer! 


Watch “WIDE WIDE WORLD” Sundays on NBC-TV 


TEMPERATURES 


TO 


RADIATOR DIVISION, GENERAL MOTORS CORP 


ORDER 
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Each of these problems was solved successfully with an Inco Nickel Alloy 
Can you tell which one proved to be the answer? 


Number the picture captions! q 


> 
“S$” Monel hard-grade ; 
nickel-copper cast alloy 


Inco Nickel 


“K" Monel age-hardenable 
nickel-copper alloy 


Inconel nickel-chromium alloy 
Monel nickel-copper alloy 


Inconel “X” age-hardenable 
nickel-chromium alloy 


Monel “403” non-magnetic 
nickel-copper alloy 


Oil well drill collar — Needed: Radar platform “leggings” Jet engine flame tube Needed 
non-magnetic metal with high Needed: resistance to abra- oxidation and corrosion resist- 
See answers below strength. Which Inco Nickel sion and marine corrosion ance at jet engine temperatures 
Alloy... ? Which Inco Nickel Alloy . ? Which inco Nickel Alloy... 9? 


Gas turbine blades — Needed Submarine cable sheathing Ultrasonic drill —- Needed: high Shaft sleeve for salt water 
hot strength up to 1500°F., Needed: non-magnetic metal magnetostrictive ability to pump — Needed: extra-hard 


low coefficient of expansion resistant to marine corrosion produce ultrasonic vibrations casting alloy that resists 
Which Inco Nickel Alloy... ? Which Inco Nickel Alloy .. ? Which Inco Nickel Alloy. . . ? corrosion. Which one 


You may take this kind of quiz again ... and soon! Your filled booklet describes the properties of many useful 
design may require a metal that resists corrosion ... or metals ... shows just the kind of problem each has solved. 
wear ... or high temperatures. Or one that meets some Write for a copy... do it now! 

destructive combination of conditions. ©Trademark of The International Nicke! Company, In 


Then look into the Inco Nickel Alloys. First step: send THE INTERNATIONAL NICKEL COMPANY, INC. 
for “Standard Alloys for Special Problems.” This fact- 67 Wall Street New York 5, N. Y. 


rN > Oil well drill collar: 3. “K" Monel 
IN oO Ric e A Radar platform “leggings”: 5. Mone! 
Jet engine flame tube: 4. Inconel 
d ‘ Gas turbine biades: 6. Inconel ‘*X"’ 
TRAOCE mate Monel* « “R” Monel* + “K” Monel* «+ “KR” Monel* « “S” Monel* Submarine cable sheathing: 7. Monel ‘'403” 
Inconel* * Inconel “X"* © Inconel “W''* * Incoloy* * Incoloy “T’’* Ultrasonic drill: 2. Inco Nickel 
Ni-o-nel * Nimonic* Alloys * Nickel * Low Carbon Nickel * Duranickel* Pumps’ shaft sleeve: 1. ‘‘S’’ Monel 


— 
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PACKARD ELECTRIC 


FHP MOTORS 


Packard Electric direct factory 
sales and engineering contact con- 
sistently pays off. In this case it 
did for a dryer manufacturer. 


The payoff came in a motor 
custom-tailored to dryer require- 
ments not merely a con- 
veniently adapted motor. This 
means that the motor has the 
exact characteristics—speed, 








Because this motor was custom-tailored 


power and torque—for its job. 
Because of that, it could be ad- 
vantageously priced. 


What’s more, it can be supplied 
with power supply cord already 
attached—complete and ready for 
installation. This results in still 
more savings. 


Packard Electric research and 
engineering teams are busy today 


this dryer is built better at lower cost! 


developing new motors. And 
always, our objective is to enable 
customers to produce better, lower 
priced products in the future. 


Packard ectric 
I 





New NEMA RERATEO 


Lovis A 
sievs M 
OTOR HiGH-TENS/LE 


Cc 
AST-1FRRON HovusinGs 


- = 


: Foor- 
a ty OT-TYPE MOUNTING 
FOR Any 


POSITION 


% 
° 
* 


Jouis Allis announces its [A line of right-angle gealmowors 


Now available with new NEMA rerated L.A. motors 
for all applications —~ in sizes from 1/3 to 30 hp 


; 
+ 


y machined from nard- 
is ground to close 


Before we go into th sign features 
1 
greater efficiency 


of this comp motor, et's take 

a 100k at a few avantages: 

First of all, you can get either foot- 

or flange nits. Secondly, you e The worm gear is cut from a high grade 

can have any y want. of wear-resistant alloy pronze.- 

And finally» you can ave any electrical ; 

or mechanical modification needed for e A double-row angular contact pear ing 

any specific application. and @ pall pearing provide for radial 
and thrust loads on the worm shaft. 


In other words, , ine of gear~ : ‘ 

motors rugee oned, versatile and e The output shaft is mounted in tapered 
efficient— to give you & sound answer roller bear ings for maximum Load- 

to your right-angle gearmotor drive carrying capacity: 


' . 
problems. Here's why: e Ample oil-bath lubrication assures 


re made longer life and minimum maintenance. 


maximum +i di eerie e Spec jal oil seals on all shafts keep the 
compactness oil in-- dirt out and permit any 
P " mounting arrangement. 


Here's 2 line of right-angle gearmotors 
ts very easy to apply- Standard 
m 7-1/2 to 300 rpm-- 
are available. 


Flange-mounted 
right-angle gear- 
motor with new 
L.A. line explosion- 
proof motor 


THE LOUIS ALLIS CO. 


M 
ILWAUKEE 7, WISCONSIN 


Prodi 
ict ’ 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on 
modern equipment 


Sanitation ...easy maintenance... 
inherent cleanliness ... ready adapt- 
ability to a host of different shapes 
and forms—these are a few of the 
reasons why more and more design- 
ers of food processing, dairy and 
beverage equipment specify stainless 
steel. 

You’ll find it in tubing, tanks, bulk 
coolers, autoclaves and dozens of 
other vital pieces of equipment in oe ' 
many different industries. 





wwe + 


oe, 
> ** 


’ ta 


Stainless steel’s superior resist- 
ance to corrosion... ready avail- 
ability in scores of work-saving 
standard shapes adaptable to many 
needs ... ease of machining, form- 
ing, joining and casting combine to 
give equipment producers greater 
freedom of design. 

For more information about stain- 
less steel and its growing effect on 
equipment design and selling prob- 
lems, see your stainless steel supplier 
or write ELECTROMET~—leading pro- 
ducer of more than 100 alloys for 
the metal industries, including chro- 
mium and manganese used for mak- 
ing stainless steels. 


ELECTRO METALLURGICAL 
COMPANY 
A Division of , . 
Union Carbide and Carbon Corporation Sanitation is a powerful selling 
P > “Ee Pee tool in the beverage, food process- 
30 E. 42nd Street{]4§ New York 17, N.Y. ing and dairy fields. That’s why 
METALS DO MORE ALL THE TIME 


the use of sanitary, easy-to-clean 
+++ THANKS TO ALLOYS stainless steel is growing so fast. 


Di ereenenntert 


TRADE -MARK 
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(Advertisement) 


SPECIAL REPORTS ON 
FINISHING NON-FERROUS METALS 


NUMBER I—Decorative, 


Corrosion-Resistant Finishing 
with Iridite 


Chromate conversion coatings are well known and accepted 
throughout industry as an economical means of providing 
corrosion protection, a decorative finish or a good paint base 
for non-ferrous metals. However, continued developments are 
so rapid and widespread that many manufacturers may not 
be completely aware of the breadth of application of this type 
of finish. Hence, this digest of current information; to bring 
you up to date on the many ways in which you can combine 
salable appearance with durability in one finish at a com- 
petitive price advantage. Report II on paint base, corrosion- 
resistant finishes and Report III on chemically polished, 
corrosion-resistant finishes are available on request. 


First, as a basis for this discussion, a “‘decorative”’ finish is 
considered as any chromate film that is used as a final finish 
in itself. It may be truly decorative in that its sole purpose 
is to enhance the beauty of the product. For example, a 
bright chrome-like finish or a pleasing bronze appearance are 
among the many effects that can be obtained. It may be 
functionally decorative in that it reduces reflectivity for 
camouflage purposes or provides a means of color-coding 
parts. But, in all cases, the Iridite films protect the metal 
against corrosive attack. 


Iridite finishes are now available for all commercial forms of 
the more commonly used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, copper, brass and 
bronze. These films can produce a wide variety of pleasing 
appearances. The basic colors of the Iridite coatings are 
grouped below by metals. 


ZINC and CADMIUM: Metallic bright, light iridescent, 
iridescent yellow, bronze, olive drab. 


COPPER, BRASS, BRONZE: Metallic bright, yellow. 
ALUMINUM ALLOYS: Clear, iridescent yellow, brown. 
MAGNESIUM ALLOYS: Metallic bright, iridescent 


yellow-red, brown. 
SILVER: Metallic bright. 


In addition, many films can be modified by bleaching or by 
dyeing. Among the dye colors available are various shades of 
red, yellow, green, blue or black. 


Depending upon the metal and the Iridite used, corrosion 
resistance of clear and bright films ranges from mild passivity 
to as high as 500 hour: in salt-spray; on heavier dark films, 
salt-spray resistance ranges from approximately 100 to 1000 
hours. 


It is this combination of decorative and corrosion resistant 
properties that accounts for the widening use of Iridite finishes. 
For example, Iridites #4-73 and #4-75 (Cast-Zinc-Brite) 
make possible for the first time, a combination of lustrous 
chemical polishing of the as-cast surface of zinc die castings 
and good resistance to corrosion. Further, in many cases, 


98 


® 
WHAT IS IRIDITE? 


Briefly, iridite is the tradename for a specialized line 
of chromate conversion finishes. They are generally 
applied by dip, some by brush or spray, at or near 
room temperature, with outomatic equipment or 
manual finishing facilities. During application, a 
chemical reaction occurs that produces a thin (.00002” 
max.) gel-like, complex chromate film of a non- 
porous nature on the surface of the metal. This film 
is an integral part of the metal itself, thus cannot 
flake, chip or peel. No special equipment, exhaust 
systems or specially trained personnel are required. 


sizeable savings in the cost of buffing and electroplating are 
realized. 


On many steel parts, a simple system of zinc or cadmium 
plate and bright Iridite is used instead of more costly electro- 
plated finishes to provide a bright, decorative and protective 
finish with tremendous savings in material, equipment and 
labor. 


In finishing aluminum, where corrosion resistance or paint 
adherence is the prime consideration, the aircraft industry 
has all but abandoned the anodizing process in favor of 
recently developed chromate conversion coatings, among them 
Iridite #14 and #14-2 (Al-Coat). These formulations and 
their method of application can be varied to retain the original 
metallic appearance while providing acceptable corrosion re- 
sistance, or to produce a fully colored brown finish that 
offers exceptional corrosion protection. Again, time and man- 
power savings are astounding—one company saved at least 
$15,000 a year on maintenance of racks alone and another 
$40,000 on materials and labor in only nine months. In addi- 
tion, of course, hundreds of thousands of dollars are saved by 
eliminating the need for expenditures for generators, heating 
equipment and racks. 


Iridites are widely approved under both Armed Services and 
industrial specifications because of performance, low cost and 
savings of materials and equipment. 


In planning or designing, you should consider the many other 
characteristics of Iridite finishes which may enter into the 
specific problem. In addition to having decorative and pro- 
tective functions, these chromate coatings form an excellent 
base for organic finishes and bonding compounds. They have 
low electrical resistance. Some can be soldered and welded. 
The Iridite film itself does not affect the dimensional stability 
of close tolerance parts. 


You can see then, that with the many factors to be con- 
sidered, selection of the Iridite best suited to your product 
requires the services of a specialist. That’s why Allied main- 
tains a staff of competent Field Engineers—to help you 
select the Iridite to make your installation most efficient in 
improving the quality of your product. You'll find your 
Allied Field Engineer listed under “Plating Supplies” in your 
classified telephone book. Or, write direct and tell us your 
problem. Complete literature and data, as well as sample 
part processing, is available. Allied Research Products, Inc., 
4004-06 E. Monument Street, Baltimore 5, Maryland. 
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Gronrs of rockets swooshing heavenward 
become more and more familiar as we 
thumb through today’s industrial publications. 
The recalcitrant rocket shown on this page 
indicates that things can go wrong in research, 
and we don’t claim that the absence of a 
Sanborn oscillographic recording system some- 
where along the line was the reason for this 
disappointing trajectory. 

What we do wish to say is that Sanborn 
equipment is playing an increasingly vital part 
in rocket development. Used in the laboratory 
to record flight behavior simulated by analog 
computers, and in plotting rooms at testing 
bases to tape down telemetered data, Sanborn 
**150’s”’ are helping rockets to get and stay 
where they belong. 

You can see Sanborn systems in many 
other places, too. Oil fields, electronic com- 
ponent production lines, machine tool plants, 
hydraulic testing laboratories, numerous air- 
craft manufacturers, computing facilities. . . 
are putting single to 8-channel Sanborn systems 
to work. (Most are housed in vertical mobile 
cabinets, while those in the “‘field’’ are often 
divided into portable packages for each instru- 
ment.) All of them give their users inkless, 
permanent recordings in true rectangular co- 
ordinates, one percent linearity, as many as 
nine chart speeds, and the efficiency (and 
economy) inherent in Sanborn unitized design. 
A dozen different plug-in preamps further 
extend their value, by making change- 


oer so new coring inputs «auick PFW T= Yo ST. aa 
and easy procedure. —— 


zy | CAMBRIDGE 39, MASSACHUSETTS 
ad ° Which way rockets are going may 
not be a primary concern of yours 

“< But if recording problems are, 

=. you're apt to find some interesting 

ond useful onswers in Sanborn's 


2-, 4-, 6-, 8-CHANNEL 16 page “150 System" cotelog 
8-. 6-CHANNEL 4-CHANNEL 2-CHANNEL 1-CHANNEL ANALOG COMPUTER SYSTEMS Write to us for a copy 
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loweRGAIP “TIMING” BELTS 


“Here’s how this hobbing machine 
was made 37% more productive” 


says Plant Engineer 








“GRIP” POWERS 


L\ 





* 























“Grip” Powers is showing you a true story of how 
one East Coast gear manufacturer utilized the 
unique ability of U. S. PowerGrip “Timing” Belts 
to step up production. It’s just one of many ex- 
amples of how U. S. PowerGrip “Timing” Belts 
simplify and improve a power transmission unit. 

For the design of hand tools, drill presses, saws, 
electric typewriters—from fleapower to 1,000 
horsepower—get U.S. PowerGrip “Timing” Belts. 

These belts—plus expert engineering service— 
are obtainable at the 28 “U. S.” District Sales 
Offices, “U. S.” power transmission distributors, 
or contact us at Rockefeller Center, New York 
20, N. Y. In Canada, Dominion Rubber Co., Ltd. 


Mechanical Goods Division 








pais 


U. S. PowerGrip 
“Timing” Belts offer 


all these advantages: 


° close to 100% efficiency. 

© constant angular velocity. 

® imbedded with steel cables 

for high tensile strength. 

@ no slippage, no take-up — allows short centers, 
high ratios. 

@ absence of metal-to-metal contact — eliminates 
need for lubrication and housing devices. 


e handles speeds up to 16,000 F.P.M. or so slow 
as to be imperceptible to the eye. 
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No matter how many you need... 
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we offer fast delivery of O-rings! 


Parker can meet any dernand for O-rings. Factory stocks compounds.) Parker also has the production facilities 
(millions of O-rings) are maintained in Chicago, Cleve- to handle “specials” and volume requirements 

land and Los Angeles. Large warehouse stocks are From Parker you get 
available at more than 50 Parker O-ring distributors. 
You can get standard sizes of AN, MS, industrial spec- 
ifications, etc., right off the shelf. (And we have over 
296 standard O-ring sizes with many different standard 


exactly the right O-ring for 
your specific requirements. Our engineering service will 
help you with any designing problems. We invite you 
to prove by comparison tests how Parker O-rings seal 


better and last longer 


RUBBER PRODUCTS DIVISION 
Section 522-U 
The Parker Appliance Co. 


17325 Euclid Ave., Cleveland 12, Ohio 
Please send O-ring Size Catalog No. 5701 
arker : 


COMPANY 
Hydraulic and fluid 


ADDRESS 
system components 


city 
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rrent Motor 


KINAMATIC « new standard 


in direct-current motors, 


gives your machines wider 


speed ranges, greater output 


To meet modern industrial needs for faster, more auto 
matic, more continuous production, General Electric has 
designed an entirely new direct-current motor—the d- 
Kinamatic 


Designed for Automation Now, a direct-current motor 
has been designed for the modern job it has to do — either 
as individual motor drive or in regulating systems. The 
new General Electric d-c Kinamatic motor supplies the 
wide speed range and versatility required for today’s 
manufacturing methods. It is designed for tl lose con 
trol of machines and split-second timi f processes 


essential to higher output 


Accelerated Production The new d-c Kinamatic motor 
will modernize your equipment, give it increased power, 
higher speeds, greater output capacity. With the quick 
acting G-E Kinamatic motor, your machines will process 
a greater variety of products faster easiet 

and with less maintenance and spoilag« 

More Powerful By combining advanced design with 
improved materials and manufacturing techniques, 
General Electric engineers have packed more power into 
the entire Kinamatic line. The powerful Kinamatic motor, 
with new stamina and durability, is ready to become one 
of your most effective weapons for keeping costs down 


for meeting competition, for boosting productivity levels 


Engineering Help—Industrial specialists in 149 con 
veniently located General Electric Apparatus Sales 
Offices have the complete story on how the new d- 
Kinamatic motors and generators can benefit your 
operation. For full details, contact your G-E Sales 
Representative, or write for Bulletin GEA-6355. Direct 
Current Motor and Generator Department, General 
Electric Company, Erie, Pennsylvania. 


* Trade Mark of the General Electric Company 
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2-TON BABIES PROVE 4-WAY'S STRUCTURAL STRENGTH 


These frolicsome 2-ton circus babies demonstrate the ability of Inland 4-WAY Safety Plate to support tremendous weights. Be- 


cause of 4-WAY’s rugged strength, this 4’ x 4’ plate bears up under 4,000 pounds of pudgy pachyderm without a hint of strain. 


The extreme structural strength of Inland 4-WAY Safety tion and cleanability provide you with a combinatior 
Plate is an important factor in plant safety. 4-WAY is not features unequalled by any other materials. Where can you use 
just another flooring surface material, but a steel plate that Inland 4-WAY Safety Plate? There are dozens of places it 
can be used as a structural member. every plant where it can pay off in man hours saved . . . ir 
Strength, however, is only one of the advantages that 4-WAY providing safer, cleaner surfaces . . . in boosting general 
offers. Its slip-resistance, durability, attractive appear- efficiency. For helpful suggestions and useful informati 


ance, ease of application, fire resistance, ease of fabrica- write to Dick Prendergast, Room 1262. 





INLAND 4-WAY®° SAFETY PLATE . 
INLAND STEEL COMPANY . INLAND 


38 South Dearborn Street + Chicago 3, Illinois 
Sales Offices: Chicago * Milwaukee + St. Paul * Davenport 
St. Louis * Kansas City * Indianapolis + Detroit * New York 
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“Nobody puts a fine painting in a dime-store frame.” 
When you see a piece of construction equipment with 
Vickers Hydraulics, you know it is a “quality” machine 
throughout. 

Vickers provides all the inherent advantages of 
hydraulics and MUCH MORE: (1) the benefits of a 
nation-wide and full-time field engineering and service 
organization of unequalled experience; (2) a complete 
line of equipment enables Vickers to take UNDI- 
VIDED system responsibility thus eliminating any risk 
of incompatibility of hydraulic components; (3) a 
hydraulics school for free training of customers’ main- 
tenance personnel. 

SEE VICKERS HYDRAULICS IN SIMULATED ACTION 
IN BOOTH 219 AY THE ROAD SHOW, JANUARY 28 
TO FEBRUARY 2, AT INTERNATIONAL AMPHITHEATRE, 
CHICAGO. 





i) 


VATTITM RATT CTE T 


means “QUALITY” 
eek BB e a' heme aed | 
EQUIPMENT 


Motor grader uses Vickers Hydraulics for: 
@ maximum blade utility 
@ accurate and effortless tool 
adjustment 
@ positioning scarifier 
© convenience of control to operator 





Hydraulic motor (not shown) rotates blade 








on circle. Hydraulic power steering is 
separate circuit. Central hydraulic system 
is applicable, 





Scraper has VARIABLE rate hydraulic 
power steering provided by 

e Vickers Double Vane Pump 

e Vickers Metering Control Valve 

e Vickers Circuit-Splitting Unloading 

System 

e Vickers Overload Relief Protection 
Vickers Single Vane Pump supplies 
power for 

e Fast actuation of bowl 

e Fast apron manipulation 





Vickers Hydraulics provides fast lifting and angling 
of bulldozer blade along with exclusive “feathering” 
ability. Additional tractor attachments added later 
can be hydraulically controlled by simply adding 
sections to existing control valve thus eliminating 
necessity of mounting separate valves 


SEE VICKERS BOOTH 219 


A.R.B. A. ROAD SHOW + JAN. 28-FEB. 


INTERNATIONAL AMPHITHEATRE, CHICAGO 


e Fast—Positive ejector action 
More Work—Less Time—Minimum Maintenance. 








Fast, easy and dependable operation of front end 
loader utilizes Vickers Balanced Vane Pump (with 
inherent automatic wear compensation) and Vickers 
Two-Section Directional Control Valve. Note simplicity 
of installation. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
DEPARTMENT ‘1454 © DETROIT 32, MICH. 


Application Engineering Offices: « ATLANTA « CHICAGO «+ CINCINNATI + CLEVELAND «+ DETROIT + GRAND RAPIDS + HOUSTON «+ LOS ANGELES AREA (E! Segundo) 
MINNEAPOLIS « NEW YORK AREA (Summit, N.J.) + PHILADELPHIA AREA (Medic) « PITTSBURGH AREA (Mi. Lebanon) « PORTLAND, ORE. « ROCHESTER + ROCKFORD 
SAN FRANCISCO AREA —— * SEATTLE «+ ST. LOUIS + TULSA + WASHINGTON «+ WORCESTER 7695 

CANADA: Vickers-Sperry of Caneda, Lid., Toronto 


ENGINEERS AND BUILDERS OF 
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For new perspectives 
in NEEDLE BEARING ¢gesign and performance 


.. look to Torrington, pioneer in the develop- 
ment of every type of precision Needle Bearings. 
Using carefully selected quality steels, and the 
most modern manufacturing methods, Torrington 
has developed a complete range of types and sizes 
of Needle Bearings for every use. There are special 
designs for rotation, for oscillation, even thrust 
applications! There are aircraft types, cam fol- 
lowers, and heavy duty types. Yet their unit 
cost is low, bringing anti-friction performance 
with economy. 


of rollers that provides maximum radial capacity 
in minimum cross section make Torrington 
Needle Bearings top performers in the most 
rugged applications. 

Little wonder their use has spread to countless 
applications in every field with outstanding suc- 
cess. Have you considered them for your product? 
Send for further information today. 


THE TORRINGTON COMPANY 


Precision manufacture and the full complement Torrington, Conn. . South Bend 21, Ind. 


TORRINGTON BEARINGS 
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Needle « Spherical Roller + Tapered Roller + Cylindrical Roller « Needle Rollers 
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For AIR, OIL and WATER operation to 250 p.s. i. 
SIZES V4" + "+ Va" + HA" 


TEMPERATURES to 250°F Typical Cylinder Circuit Using Hanna 


Flo-Set Speed Control Valves 


Hanna engineers will gladly recommend 

§@ Hanna Flo-Set Valves are used to control cylinder piston speeds circuits to help you with your applications. 
and operating speeds of many types of fluid actuated mech- Shaciees ite 

anisms. They are able to handle air, oil, water and many gases. Cylinder =~, 

When used with cylinders, these valves permit independent adjust- Piston 2 

ments of forward and return piston speeds. The diagram at the 

right shows a typical circuit. Flo-Set Valves make the operation 0 














of air cylinders smoother and make cushioned cylinders more 
effective by building up essential back pressure. 























, ‘ , . H Flo-Set =) 
Fluids pass unobstructed in the direction of the arrow on Hanna Vebves (two) ~ if 


Flo-Set Valves. In the opposite direction, flow can be controlled 

from zero to full pipe capacity. One valve can be set to an infinite 

number of controlled flow positions. Once set, the position can be 

held by means of a locking collar. Established flow positions can 

be reset by using the micrometer graduations which accurately \ 
measure flow as a percent of full pipe capacity. Unitite Valve 


One revolution of the aluminum valve body will change the Consult your classified tele- 
flow rate from zero to full capacity. No tools are necessary! In phone directory or Thomas’ 
+4 ” ” ” "ot . Register for your nearest Hanna 
addition to the standard % »%",% and %" sizes, there is a representative. Write for Henna 
\%" Jr. model, without micrometer graduations or locking collar, Valve Catalog 254 and Flo-Set 
for light piping and tubing. i 


Valve Bulletin 253A. 
Hanna Engineering Works 


( F+E )) — HyDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS ...VALVES... RIVETERS 
5 1763 ELSTON AVENUE CHICAGO 22, ILLINOIS 
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Desi 


gners 


Thymotrol* fhp adjustable-speed drives in 
full new line are more compact, cost less 


A completely re-designed line of frac- 
tional-horsepower Thymotrol adjust- 
able-speed drives—at new lower prices 
is now offered by General Electric. 
Thymotrol drives—comprising d-c drive 
motor, control panel, and control station 
are applicable to conveyers, machine 
tools, and other small machines whose 
performance can be improved by adjust- 
able speed. With a full range of ratings 
(economical half-wave units: 1/50 to 
}, hp; smooth operating full-wave units: 
14, 14, 6 hp) plus availability of a va- 
riety of optional performance features, 
you get exact matching of job require- 
ments, pay only for as much drive as 
you need. 
D-c drive motors provide outstanding 
performance on rectified power, sup- 
plying constant torque over the entire 
speed range. Open dripproof and totally 
enclosed constructions are standard, 
others are available. 
Control panels electronically convert a-c 
to d-c power. They are housed in easy- 
to-install, NEMA Type 1 wall-mounted 
enclosures, with lift-off covers for easy 
maintenance. 
20:1 speed range and close speed regu- 
lation increase machine’s versatility, 
permitting its use on a variety of jobs. 
*Registered trade-mark of General Electric Co. 


Printed circuitry contributes compact- 
ness and sturdiness, makes possible 
lower prices, faster delivery. 

Dip soldering firmly secures panel board 
components to printed circuitry. Com- 
por.ent replacement is fast, simple, 
requiring only a soldering iron and pliers. 
Single-tube design of half-wave Thymo- 


trol drives emphasizes the unit’s ex- 
treme simplicity of construction. 
Plug-in panel boards facilitate rapid 
servicing. Complete panel can be re- 
moved or installed in ten seconds— 
without disturbing customer wiring— 
permitting a high continuity of produc- 
tion. Write for GEA-6519. 


Lightweight tachometer generators measure speed ranges from 100 to 5000 rpm 


A-c tachometer generator. 


D-c tachometer generator. 


When your machine tool application 
calls for speed indication of moderate 
accuracy, select G.E.’s compact tach- 
ometer generators which are only 3,°; 
inches in diameter. Weighing less than 
four pounds, the versatile four-pole a-c 
tachometer generators feature totally 
enclosed construction and serve speed 
ranges from 400 to 5000 rpm. 

Two-pole, d-c, ball-bearing tachom- 
eter generators provide accurate speed 
ranges from 100 to 5000 rpm. These 
units weigh less than six and one-half 
pounds and can be used as a signal 
source in @ speed regulated drive 
scheme, Write for GEC-1405. 


GENERAL @@ ELECTRIC 
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Digest! 


Versatility of new smanmeaze' d-c motors simplifies motor selection problems 


New General Electric d-c Kinamatic 
motors can meet modern industrial 
needs by performing either as an indi- 
vidual motor drive or in regulating 
systems. Their versatility and flexibility 
permit a wide variety of both constant- 
and adjustable-speed applications used 
today for automatic processing. These 
versatile features help designers sim- 
plify motor-selection problems. Adjust- 
able-speed by armature voltage control, 
field strength control, or combination 
of both, provides the speed, torque, 
horsepower required in almost any se- 
quence. For constant horsepower, 
higher operating speeds are obtained 
through field strength adjustments. 
For lower speeds, the d-c Kinamatic 
motor can operate over wide speed 
ranges including speeds far below base, 
even stalled conditions. Ratings from 1 
to 150 hp are included in the line. See 


GEA-6355. 


tTrade-mark of General Electric Co 


FHP machine tool motors factory 
lubricated for ten years 


New General Electric machine-tool re- out extra parts. Front-connected saddle- 
lays are now available with 2 to 8 poles, clamp terminals make wiring eas 
including a 6-in-line model with same Strongbox coils are protected against 
mounting dimensions as the 4-pole form oil, moisture, and dust. Ratings are 
Relay contacts can be changed from 10 amperes, 110-600 v, 25-60 cycles. 
Special ball-bearing construction and normally open to normally closed with See Bulletin GEA-6317. 
new-type grease in G-E totally enclosed 
fan-cooled machine tool motors provide 
long, low-maintenance service and sup- 
port heavy thrust loads. Sturdy welded 
on base assures rigid mounting and 
accurate motor alignment; compactness 


General Electric Co., Apparatus Sales Division, Section C 668-133, Schenectady 5, N. Y. 
Please send me the following bulletins: 


| 
" 
| \ for reference purposes . for immediate project 
simplifies assembly and design. These | OGEA-6317 Control Devices GEC-1306 Fhp Machine-tool Motors 
motors are rated \4, lg horse- | GEA-6355 Kinamatic D-c Motors GEC-1405 Tachometer Generators 
power in 60/50 cycles, 208-220/440, | OGEA-6519 Fhp Thymotrol Drives 
220/380, 500 volts and are engineered l 
to stand up under continuous start-stop | 
service in heavy-duty industrial appli- 
cations. See Bulletin GEC-1306. 


; 


City 
as Gla dant ition esi eehi as 
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Technical-ities 
By John S. Davey 


Bolts take greatest 
stress during wrenching 


If a bolt doesn’t fail when being 
wrenched up tight, it won’t 
fail in service (assuming bolts 
and joint have been designed 
adequately for the loads). 

That’s because two forces 
put stress on bolts (and cap 
screws) as they tighten: Ten- 
sion due to bolt stretch; torsion 
due to friction, But only ten- 
sion remains after wrenching. 
In a rigid joint, if this tension 
exceeds external forces, bolts 
will never experience any fur- 
ther strain, and will therefore 
not loosen or fail. 


WHY SOME FAILURES? 
Obviously, unusual unforeseen 
loads cause trouble. The instant 
they exceed residual tension, 
they add to the stress placed on 
the bolt and can cause immedi- 
ate failure. Or they can cause 
loosening, leading to stress 
change, which in turn causes 
fatigue and failure. That’s why 
you've got to torque bolts tight 

. and the tighter the better. 

An exception: A _ flexible 
joint. With high cyclic loading, 
again loosening and fatigue 
cause trouble. Since you 
shouldn’t tighten such a joint 
too much, sometimes the only 
remedy is to take out the flex- 
ible element and put in a rigid 
joint, (A metal to metal flange 
connection instead of a gasket- 
ed one, for example.) 
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Are you using 
more bolts than needed ? 


The stability of a 4 bolt arrangement can be matched by a 120° spacing of 3 bolts. Strength can be actu- 
ally increased by using RBaW high carbon heat treated bolts (identified by ‘E"’ and three radial dashes). 


|S pant wants to use too few bolts 
or cap screws and risk failures. 
But using too many is not the best 
answer either. It means too many 
holes to drill, to fill — both costly. 

RB&W offers some suggestions. 

BALANCED BOLT PATTERN 

By “rule of thumb,” bolts are gen- 
erally arranged symmetrically in a 
pattern of four. Yet three bolts 120 
apart around a common center will 
prove just as stable, and save on 
assembly. With stability assured, 
the problem is then one of load ca- 
pacity. 

PRELOAD TO GET FULL CAPACITY 
In checking size and number of 
bolts, calculate the stress and get 
rid of the excess. You have enough 


if you’ve allowed for usual factor of 
safety ... and the fasteners are 
tightened so that residual tension 
exceeds maximum external load an- 
ticipated. If they are, you have 
safety. The bolts will stay tight, 
won’t fatigue, won’t fail. 

With RB&W standard fasteners, 
engineers and production men can 
take quality, uniformity and de- 
pendability for granted — and can 
concentrate on the problem of 
proper application and assembly. 
For help or information on your spe- 
cific product, write Russell, Burdsall 
& Ward Bolt and Nut Company, 
Port Chester, N.Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Ill.; Los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 











High strength bolts stop 
joint failure from vibration 


Shakeout equipment used by one company for un- 








loading coal cars applied its vibration via a fabri- Hardened 
cated frame lowered onto the cars. This frame was ’ Washer 
= — j 


originally riveted. 


But it was a constant source of maintenance, About 
every 10 days, the frame had to be welded, loosened 
rivets replaced. Finally it was refastened with RB& W 
high tensile bolts and hardened washers. Maintenance 


now is nil! 








Proving again that high strength bolts make the = 


strongest connection for the severest service. 
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Naugatuck Paracrils 


In every industry, Naugatuck’s family of superior oil-resistant 
rubbers is bound to bring longer service life under the 


4 | 7 
ee Ol = resista nf most critical conditions. Graded to provide specific property 


values, the family of PARACRILS® provides 


ru b ral e rs @ The most oil-resistant rubber availabk 


® The best balance between oil-resistance and 
low-temperature flexibility. 


for all 


© The best processing characteristics 
© The most tightly-controlled product specifications 
o & a 
re rit 3 ca i e Excellent resistance to aging at elevated temperatures 


e High abrasion resistance 
e The best resistance to air and gas permeability 


li ti 
a Pp P ica id fa 4 If your rubber or rubber-like products require high oil resistance 


it will profit you to investigate Naugatuck’s PARACRILS 
Why not write to us on your company letterhead TODAY ? 


Naugatuck Chemical 


Division of United States Rubber Company 
Naugatuck, Connecticut 





IN CANADA: NAUGATUCK CHEMICALS, Elmira, Ontario * Cable Address: Rubexport, N.Y 
_Rubber Chemicals * Synthetic Rubber + Plastics + Agricultural Chemicals * Reclaimed Rubber * Latices 
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Reynolds can paint entire parts a solid 


color, mask and paint or do paint filling in 
combination with mechanical finishing to 
supply practically any desired texture or 
highlighting effect. 


> ¢ 


Part of a battery of new high speed buffing 
equipment available at Reynolds. Scratch- 
brushing, satin finishing, highlighting, 
embossing and other mechanical finishes 
are also available. 


Alodine system at Reynolds is adaptable 
to immersion, spray or brush type finish- 
ing. Etching, brightening and other chem- 
ical finish treatments are also available at 
Reynolds. 


for greater design freedom 
and finer ‘‘finished’’ aluminum products 
...use the new, vastly expanded 


REYNOLDS 


FINISHING 
FACILITIES 





For the magic touch of gleaming clear and 
color anodized finishes — and for many types 
of mechanical, chemical and paint film 
finishes— you can depend on finishes from 
Reynolds to add sales appeal and value to 
the aluminum products you design. 
Reynolds multi-million dollar investment 
in finishing equipment —some of this equip- 
ment illustrated on these pages — assures you 
the finest aluminum finishing facilities avail- 
able anywhere. These recently expanded 
facilities permit new and greater flexibility 


in your design thinking. And these facilities 
are backed by Reynolds years of technical 
experience with practically every finishing 
process and technique applicable to alumi- 
num plus Reynolds quality control from mine 
to finished part. 

For full details on the finishing and fabri- 
cating facilities available, call the Reynolds 
Office listed under “‘Aluminum’’ in your 
classified telephone directory or write 
Reynolds Aluminum Fabricating Service, 
2051 South Ninth Street, Louisville 1, Ky. 





See ‘CIRCUS BOY", Reynolds new dramatic series, Sundays on NBC-TV 


REYNOLDS 9% ALUMINUM 
FABRICATING SERVICE 
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This new Reynolds automatic aluminum finishing system can handle 
mixed sizes and types of parts and chemically brighten or anodize 
them in different colors—and can handle several different jobs at 
the same time. An automatic coding system establishes the in- 
dividual finishing specifications for each job. 


This new Reynolds anodizing installation can handle parts ranging 
from the smallest up to those 24’ long, 12’ high and 4’ wide. This 
half-block long system is another new addition to Reynolds multi- 
million dollar finishing facilities investment. 


are made with 


BLANKING - BRAZING - DRAWING - EMBOSSING aa () LDS ora) ALU M N U M 


FINISHING - FORMING - RIVETING 


ROLL SHAPING - TUBE BENDING - WELDING 
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Handsome, functional MINIMESH © 


makes good products better 


Because it combines beauty and 
utility — at low cost, Penmetal 
Minimesh is widely used for dec- 
orative purposes and for guards or 
grilles on stoves, heaters, radios, 
phonographs, etc. Three famous 
products, which have been im- 
proved with Minimesh, are shown. 

Minimesh is small mesh (>/16" ) 
expanded metal, and like the 
larger meshes, is sheet metal 
which has been slit and expanded 
up to five times its original width. 
80% lighter than solid sheet of 
the same dimensions, the diamond 
truss pattern adds rigidity and 
strength. 

The openings in Minimesh per- 
mit passage of light, heat, air and 
sound. Comes in standard or flat- 
tened form. Can be cut, shaped or 
welded to suit design require- 
ments. 


Put Minimesh to work for you. 
Write for new catalog 510-EM, 
which gives sizes, weights and 
dimensions. 


PENN METAL COMPANY, INC. 


General Sales Office: 40 Control Street, 
Minimesh grille protects speaker, transmits sound, Boston 9, Mass. 
adds beauty in new coin-operated phonograph by Plant: Parkersburg, W. Va. 
: District Sales Offices: Boston, New York 
J. P. Seeburg Corp., Chicago. Philadelphia, Pittsburgh, Chicago, Detroit, 
St. Lovis, Dallas, Little Rock, Seattle, 
San Francisco, Los Angeles, Parkersburg 





ABOVE — Zenith Radio Corp., Chicago, 
incorporates extensive Minimesh ycille- 
work in this radio set. 


RIGHT — Gas heater by Temco, Inc., 
Nashville, Tenn. — one in a famous line 
recently redesigned with Minimesh to 
bring modern styling to the gas heating 


field. Open mesh grilles deliver heat. on 
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actual size 


New C-series solenoid valve offers 
recognized ‘‘Skinner Quality’’ at low cost 


This is a faithful reproduction—in miniature—of the 
time-tested, 2-way, normally closed Skinner V5 ex- 
cept that the body is made of brass. 

This new, compact Skinner valve weighs only 12 
ounces, yet it’s rugged enough to last millions of 
cycles on most applications. 

This new valve has orifices from 5/32” to 7/64", with 
pressures ranging from 60 to 130 psi. Pipe size is 1/8" 
NPT. It is a packless, direct-acting valve with only 
two moving parts. And it’s absolutely bubbletight 
even on vacuum. This C-Series Skinner valve is fail- 
proof, too—a built-in spring return assures positive 
closing; thus it can be mounted in any position and is 


ideal for direct-line mounting. 

You'll find this new valve, with its recognized “Skin- 
ner Quality,” the perfect low-cost answer to a wide 
range of flow control problems. It works efficiently 
with air, water, oils, gasoline and many other media. 
Typical applications include: automotive fuel systems, 
welding equipment, vending machines, lubricating de- 
vices, spraying equipment, air horns, water softeners, 
humidifiers and instrumentation. 

Our Bulletin D11.1 contains complete information 
on this valve—fiow curves, optional features, dimen- 
sions, electrical data, etc. We will be happy to send 
you a copy on request. 


ELECTRIC VALVE 
DIVISION ‘sins 
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170 Dia - 4 Holes 


Dotted lines indicate No Bose Unit 


= A - 
-B With Brake “ 
C With Fan ~ 
+ D With Broke & Fan + 
FE Without Broke or Fan-—~| 


196-2 Slots—si te, 


1. 4 
OTe. 
Lo 


= 





Dotted lines indicate Hub for *¢ Dio. Shaft 


Any Length Available 





e ra 


€e SV aus sa 
See vor oy > 


POWER UNDER CONTROL 


Model 
base cas 
can also be 

with no basc 
mounting, w 
verted base, or 
wall mounting 
with shaft verti 
upward 








A A 
— 3, 





34 
4 





8 


Stator Thickness and Corresponding Length 


E 
2%, 
3, 
4\/, 








How To Buy the Right 


Measure the speed and torque required 
when possible. If torque can't be measured 
make a realistic estimate. Buying a motor 
that is too strong can be just as harmful as 
buying one that is too weak. 

Be sure to specify direction of rotation, if 
uni-directional, or reversing if required. 
Will the motor operate continuously or 1s 
the duty cycle intermittent? Specify the 
type motor required for the job—whether 
induction or synchronous, AC, DC or 
universal. 

Experienced Merkle-Korff application 
engineers can assist you in choosing the 
right unit for the job. They will recom- 
mend a fractional horsepower geared motor 
with an ample margin of safety to meet 
overload or low voltage conditions. 

Merkle-Korff has been building a 


—<= 
(oe % Q- ACh « 
LS 
/ ren 008 


c 
— 


product of proven quality for years and 
can deliver motors on time to fit your 
production schedule. 

A typical torque table is shown. This 
table shows no-load speeds for uni-direc 
tional shaded pole induction motors. The 
loads are the maximum under which the 
motor will start and operate continuously 
without over-load. The speeds shown are 
those commonly used. If the maximum 
rated torque is required at speeds greater 
than shown, modifications can usually be 
made. Units can be furnished at speeds as 
low as 1 RPH or slower. 

Merkle-Korff builds a varied line of 
fractional horsepower geared motors. For 
detailed dimension drawings, mounting 
styles and torque tables of the complete 
line, write for engineering data sheet PE2 


above the 


Geared Motor for Your Job 


TORQUE TABLE - LB. IN. 
MODEL SG-25 


stator thickness and torque 


30.0 





219 NORTH MORGAN STREET 


CHICAGO 7 


ILLINOIS 
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JUST PUBLISHED! 


New 24-page brochure 
Pag 

gives complete 

engineering data 


MADE BY THE PROCESS 


Elevated Temperature Drawing 
/ ss 
: High Strength 
material — made by Petes peti at 


j Uniformity 
process —with 


Fatigue Resistance 


; , . ‘ Wear Resistance 
combination of properties Dimensional Gtakitiey 


Plus Accuracy, Smooth Finish, and Straightness$ 





Use this coupon to request your copy 


Please send me your new 24-page brochure,” A New Material” 


. La Salle STEEL CO. (CY nea, eee 


1426 150th Street Company__ 


Hammond, Indiana Address 


City 


' 
' 
i 
' 
' 
' 
: 
’ 
5 
] 














Pttey tRrumbield en gineermn g 1s in this picture 


Which P&B relay w ou specify to 
CONTRO ELECTRONIC OVEN? 


“ > z xs . 
oe ae »— . ENGINEERING DATA 


7 SERIES: PR Heavy Duty. 


CONTACTS: Max. DPDT. 5/16” dia. silver, 13 
. pe omps. at 115 V., 60 cycle, non-inductive. 6.5 

PR Series MS Series MR Series amps. at 230 V. 60 cycle, non-inductive. 

VOLTAGE RANGE: 6 to 110 V. DC. 6 to 230 


V. AC. 
ew electronic ovens—the k hic . 
N ind which cook an 18-pound turkey in COIL RESISTANCE: 63800 ohm max. DC. 


an hour and a half, a large beef roast in 30 minutes, or bake po- TEMPERATURE RANGE: DC, -45° to 85° C. 
tatoes in 4 minutes—require heavy duty, fast-acting relays de- AC, -45° to 55° C. 

signed for high voltage switching. Long, trouble-free service is PULL-IN: DC, 75% nominal. AC, 78% nom- 
essential and U/L approval is a must. inal. 


The relay specified by one top manufacturer to fill this bill is “iit ivated iene — 
P&B’s PR 11, specially adapted to our customer’s specifications. BASE: Molded phenolic or metal. 

P&B engineers are old hands at adapting basic relay types to highly MOUNTING: (2) 3/16” dic. holes on 17%” 
specialized uses. Twenty-five busy years of relay designing, engi- centers. 

neering and manufacturing at P&B have built an unrivaled back- DIMENSIONS: 2'2” W. x 3%” L. x 22” H. 


log of information and skill which is yours to command. 














P&B RELAYS AVAILABLE AT MORE THAN 500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 


. 
| 
* > 
Pitter &Prumbield ine PRINCETON, INDIANA (ay?) 
Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. “wt) 
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NEW, 
COMPACT 48-FRAME 


Fractional HP 
MOTORS 


INDUSTRIAL QUALITY for all applications 


ROTOR take less space... 


Rotor bars, end rings, and fans integrally pressure-cast weigh less .e«- 


perform better! 


iH 


no flutter. Stationary switch is mounted on a terminal 
plate; plate is GLASTIC, a strong, moisture-resistant, 
are-resistent glass-filled polyester laminate. Solid silver 
contacts are used. 


BEARING BRACKETS . . 
Pressure cast in special aluminum casting alloy. Stress Century Industrial Quality means design that does not 
relieved for permanent stability. Strong internal ribbing compromise dependability to gain slight cost advantages... 
for strength, and smooth outside surface. sturdy construction provides the stamina which assures con- 
tinuous operation. 48-Frame Motors now available from 
FRAME 1/20 to 1/3 HP... Performance-Rated to your needs.. 
s formed of one-piece heavy rolled with weight savings up to one-third! 


openings; windings fully protected. , 
ahd tne bb ide Test one of these motors for yourself. Call or write your 


of bracket and a concentric air gap. Hea nearby Century District Sales Office or Authorized Distribu- 
feet welded mF ome reek gl tor. Send for new bulletin 1-1P1. 


© CENTU 
Performance-Rated MOTORS RY ELECTRIC COMPANY 
1/20 to 400 HP * or os 


64 1806 Pine Street ¢ St. Lovis 3, Missouri © Offices and Stock Points in Principal Cities 


4) 
Hi 
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HOLO-KROME SOCKETS COMPLETELY FORGED! € 
Hil 


NO WALL TAPER IN HOLO-KROME SOCKETS! ~~ 

















H-K CONTROLS SOCKET DEPTH FOR TOUGHER SCREWS! ® 
| H-K’s SHARP SOCKET CORNERS RESIST REAMING! @® 
| 


IT TAKES 26 YEARS OF SKILL, EXPERIENCE AND KNOW-HOW TO TURN OUT A HOLO-KROME SOCKET SCREW! 


FOR THE FINEST IN SOCKET SCREWS .. . FOR UNMATCHED 
SAME-DAY SERVICE .. . THE NAME TO REMEMBER IS 


HOLO-KROME 





Metal fibers stay intact for great- 
est strength. No drilling, cutting, 
broaching to weaken socket walls. 


Hex key bears evenly against 
smooth untapered walls. The 
results: easier, faster assembly 
. . « longer key life . . . fewer 
damaged screws! 


socket 
screws 


Sockets are formed deep enough 
for hex key to get a firm, solid 
bite .. . yet scientifically propor- 
tioned to give maximum strength 
to the screw head. 


The hex key fits better, bears 
evenly under pressure, gets o 
solid grip for positive fastening. 


THE HOLO-KROME SCREW CORP.) HARTFORD 10, CONN. \ ® \ aa mm, @ \ 
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DESIGNING WITH ALUMINUM 





This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address: 
Advertising Dept., Kaiser Aluminum & 
Chemical Soles, Inc., 1924 Broadway, 
Oakland *2, California. 








JOINING ALUMINUM TO COPPER AND STEEL 


Wuen aluminum must be joined to 
other metals, particularly copper or 
steel, virtually any metallic bonding 
process may be used. The most desir- 
able process for a particular application 
depends on considerations of cost, speed 
of production or service requirements 
of the finished joints. 

Of course, in all construction involv- 
ing dissimilar metals joined together ot 
in close proximity, care should be taken 
to minimize the possibility of galvanic 
corrosion. 


Small Electrical Connections 


The electrical industry has found that 
small connections between aluminum 
and copper can be made using ordinary 
soldering iron techniques and common 
solders selected for the specific appli- 
cation. In simple soldered joints such as 
these, tin and tin-zinc solders are most 
commonly used. 

One automotive manufacturer uses a 
resistance soldering technique for join- 
ing aluminum to steel in its car’s elec- 
trical system. An aluminum wire is 
staked in a slot cut into the top of the 
steel stud to which it is to be connected. 
Flux is applied to the contact area and 
the head of the stud heated by two cop- 
per electrodes located on opposite sides 
of the joint. A pure tin solder is then 
applied manually to the joint area. A 
subsequent water quench also serves to 
remove flux residues. 


Heaters and Engine Radiators 


In the automotive field there has been 
an increasing interest in the use of sol- 


FIGURE 1. Furnace soldered aluminum-brass radiators 
Left, aluminum fins, brass tubes. Right, aluminum 
cells, brass tubes. 
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dering for joining brass and aluminum 
parts in heaters and engine radiators. 

The cellular type of construction used 
in heater cores lends itself well to dip 
soldering techniques. The assembled 
core may be dipped in a reaction flux 
before furnace heating to 600F. The 
face of the assembly is then dipped 1% 
inch into a 750F solder bath. By capil- 
lary action, the solder rises half way 
through the thickness of the core. After 
the back of the assembly is dipped, the 
core is cooled and washed with water. 

The tube-fin and cellular-tubular ra- 
diator constructions can be assembled 
by furnace soldering (see figure 1). In 
this method, the brass tubes are coated 
with a 20% tin-80% lead solder before 
the core is assembled. After assembly, 
the cores are fluxed and heated for two 
to four minutes in a 750F furnace. Flux 
residues are then removed by a water 
wash. 

In both the dip soldering and the fur- 
nace soldering methods, conventional 
procedures used in making copper ra- 
diators are followed. For heater cores 
and engine radiators, tin-zinc base sol- 
ders are finding the most favorable ac- 
ceptance. 


Electrical Conductor 
and Connectors 


Sound, strong joints are now being made 
by pressure welding single strands of 
aluminum to copper wire. On wire up 
to about ¥ inch in diameter, this is done 


= See 


FIGURE 2. The ALCUnector consists of elongated alu- 
minum and copper cups whose bases are butt welded 
together as shown in this cross section. A dielectric 
ball is then molded around the joint to minimize gal- 
vanic action between the two metals. 


with hand tools resembling wire cut- 
ters. Very much larger sections are also 
joined by pressure welding, using larger 
power operated equipment. 

A recent Kaiser Aluminum research 
development uses either pressure or 


flash butt welding to join the bases of 
elongated aluminum and copper cups. 
The ALCUnector,* as this new device 
is called, is believed to be the most cor- 
rosion resistant and efficient connector 
yet devised for joining aluminum and 
copper electrical conductors. 

Made in a wide range of sizes, the 
ALCUnector is compact, easy to use and 
as strong as the conductors it joins. Its 
design is the reason for its success, and 
the welded joint is an important part of 
the design. The ALCUnector structure 
and method of making same are pro- 
tected by patent rights of Kaiser Alu- 
minum & Chemical Corporation. 


Bus Bar Connections 


The use of aluminum electrical bus is 
becoming standard in production plants 
and other large installations that con- 
sume large quantities of electricity. In 
these heavy load electrical systems, it 
is frequently necessary to connect alu- 
minum bus to copper or steel. When- 
ever there are extremes or moderate 
fluctuations in temperature, bolted con- 
nections may be unsatisfactory. 

To solve this problem, special joint 
designs and welding techniques have 
been devised by Kaiser Aluminum 
welding research engineers. Figure 3 
shows how some of these welded con- 
nections are designed. The welds must 
be made with a moderate amount of 
care. 

There are several ways by which 
these joints can be made, but one of the 


ys 


FIGURE 3. Aluminum is frequently joined to copper 
or steel in electrical bus systems. Left opper is 
braze-weided to aluminum in a double Tee joint. Right, 
aluminum and steel are braze-weided. in neither case 
is the copper or steel meited during joining 


*A registered trademark of Kaiser Aluminum & 
Chemical Corp. 
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Kaiser Aluminum 





best methods is a braze-welding tech- 
nique. 


In the braze-welding of aluminum to 
copper by the consumable electrode, in- 
ert gas welding technique, the copper is 
first “tinned” with a coating of silver 
solder in the joint area. This silver sol- 
der layer is applied to prevent the for- 
mation of a brittle aluminum-copper 
alloy at the joint. The arc is then di- 
rected on the aluminum in the joint area 
in such a way that it does not bear on 
the solder-coated copper. 


When joining aluminum and steel, a 
zinc-aluminum solder should be used 
for coating the steel in much the same 
way that silver solder is used on cop- 
per. Or it may be applied by a hot dip 
or galvanizing technique. The joint is 
then gas welded or brazed. 

In either type of joint, keys cut in the 
copper or steel help to add strength to 
the joint. This type of joint eliminates 
the problem of differences in thermal 
expansion. It has given excellent serv- 
ice at operating temperatures up to 
500F. The braze-weld joint and method 
of making same described herein are 
protected by Kaiser Aluminum & Chem- 
ical Corporation patent rights. 


FIGURE 4. Ultrasonic welding units look much the 
same as spot and pressure welding equipment. How- 
ever, the principle is entirely new to welding and is 
expected to find wide use in the future. 


Thin Sections of 
Aluminum and Copper 


Ultrasonic welding is a new technique 
that will undoubtedly find wide use in 
the joining of thin sheets of aluminum 
and copper. This process, effective on 
sheet up to 0.040 inches thick, uses 
ultrasonic energy to break up the oxide 
film on the metal surfaces being joined. 
A small amount of pressure then com- 
pletes the weld. 

In this type of welding there is no 
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A GENERAL GUIDE FOR SOLDERING ALUMINUM TO COPPER AND STEEL 


Application 


Soldering 
Method 





joining aluminum 
cable to copper 
lugs 


intricate assem- 
blies (e.g., brass 
tube aluminum fin 
automotive radi- 
ators) 


joining steel 
tubing to alumi- 
num sheet (e.g., 
refrigerator 


evaporator plates) 


joining aluminum 
generator field 
coils to cadmium 
coated steel pins 


joining aluminum 
to zinc castings 


thin sections 
(e.g., aluminum 
pigtails to 
copper tabs) 


dip soldering 
torch 


furnace 


furnace 


resistance 


How Solder 
is Applied 


by solder bath 


manually fed 


tubes precoated 
with solder 


tubes precoated 
with solder 


manually fed 


manually fed 


manually fed 
or sections 
previously 
“coated” with 
the solder 





Solder Used 
30 tin—70 zinc 
60 tin—40 zinc 


30 tin—70 zine 


95 zinc—5 alu- 
minum 


pure tin 


82.5 cadmium— 
17.5 zinc 


34 tin—63 lead— 
3 zinc 


Type of 
Flux Used 
zinc chloride type 
zinc chloride type 


zinc chloride type 
or hydrazine type 


zinc chloride type 


organic boron tri- 
fluoride type 


zinc chloride type 


zinc chloride type 
or organic boron 
trifluoride type 











“heat-affected zone” flanking the joint, 
and the original tempers of the metals 
are retained. 


These are but a few of the many ap- 
plications in which aluminum is being 
joined metallically to copper or steel. 
For further information or assistance in 
techniques for joining these metals in 
your own applications, take advantage 
of the wide design experience offered 
by Kaiser Aluminum engineers. Their 


information or advisory service is avail- 
able, upon request and without obliga- 
tion, to any manufacturer interested in 
these metal joining processes. 

Contact the Kaiser Aluminum sales 
office or distributor listed in your tele- 
phone directory. Kaiser Aluminum & 
Chemical Sales, Inc., General Sales Of- 
fice, Palmolive Bldg., Chicago 11, IIli- 
nois; Executive Office, Kaiser Bldg., 
Oakland 12, California. 


Kaiser Aluminum 


see our catalog in 


See “THE KAISER ALUMINUM HOUR’ Alternate Tuesdays, 
NBC Network. Consult your local TV listing. 


KAISER ALUMINUM & CHEMICAL SALES, INC. 
Room 71279, Industrial Service Division, 1924 Broadway, Oakland 12, Calif. 


Please send, without obligation, the entire “Designing with Aluminum” 


series to: 
CC 
POSITION 


ADDRESS 


COMPANY 


CER ee — 


qnasenenenasesenananananant 


a ee ee 
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Saves 40% Space! 


TRONGER, 


Than Outmoded 
Tie Rod Cylinders! 


(t-s {ts {1-5} / 


— —— 


T-J SPACEMAKER provides ac 


adjacent equipment without sacrif 








NEW LITERATURE...send today 
for new Bulletin with complete 
details of Spacemaker line. 
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CYLINDERS 


Offer All The Extras As Standard! 


@ NEW exclusive Ingenious Cushion Designs ... Super Cushion 
Flexible Seals for Air... New Self-Aligning Master Oil Cushion 


@ Compact design eliminates tie rods, saves up to 40% space 
@ Proven Performance... 


@ Hard Chrome Plated Bodies and Piston Rods (Standard, at no 
extra cost). 


@ OIL pressure to 750—AIR to 200 P.S.I. 


with Extra High Safety Factor 


You'll find many answers to automation in your plant with T-J Space- 
maker Cylinders! Designed with years-ahead features for top perform- 
ance and dependability. Wide range of styles, capacities . . . for all 
kinds of push-pull-lift operations . . . reduces man-hours and costs! 
Write The Tomkins-Johnson Co., Jackson, Michigan. 


MEMBER OF THE NATIONAL FLUID POWER ASSOCIATION 


TOMKINS-JOHNSON 


RIVITORS AIR AND HYORAULIC CYLINDER CUTTERS CLINCHORS 





NEWEST OF THE GARLOCK 2,000 


True Carbon Seal Ring with precision 
lapped surface. Regarded by all experts 
as the finest material for one face of any 
mechanical seal. Perfectly flat sealing sur- 
face contacts stationary seat. 


This new low cost mechanical 
seal is another important 
addition to “‘the Garlock 2,000” 
... two thousand different 
styles of packings, gaskets, 

and seals for every need. 

The only complete line . . . that’s 
why you get unbiased 
recommendations from your 
Garlock representative. 


> - _ oc7 
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GARLOCK MECHANICAL SEAL 


has “Gem-like’ Qualities! 


The finest quality materials, design, and workmanship 


have been incorporated in this new low cost Garlock 


2 


Mechanical seal for °<” to 34” diameter shafts. 


Stationary Seat of finest Ceramic is mount- Costly Two-piece Shell Construction. Static “O" Ring in Groove permits mount- 

ed in a molded cup-shaped vibration Shell rolls over a retainer ring which holds ing seal from either direction without 

ring. Its sealing surface is precisely lapped “O” Ring (static seal) in place and also disturbing position in shell. Withstands 

for perfect contact with the carbon provides a metal surface which gives you higher pressures (100 psi.) and permits 

seal ring . . . perfectly mctched for pos- an exact mounting position. No danger of tighter fits than square shaped rings. 
itive sealing. incorrect mounting due to improperly 

located static seal. Roll Type Bellows provides greater travel 

than “V" type bellows. 
TYPICAL APPLICATIONS 
_ PUMP HOUSING GLAND 


Z | ¥ 
, oe PUMP HOUSING 
: 


oe os =| 4 THE GARLOCK PACKING COMPANY, Palmyra, New York 


caieel oe 
rity 7 
Wa, 1} | 2 [ | g ! 1 For Prompt Service, contact one of our 30 sales offices and 
SALA A a 
eee, wr warehouses throughout the U.S, and Canada. 


yg ‘ 


/ , 
PEER STUFFING BOX 


Gu rR. Ku <> < ¥F. Packings, Gaskets, Oil Seals, Mechanical Seals, 
Rubber Expansion Joints 
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N E w FROM FAIRBANKS-MORSE 


SURE-FIRE PUSHBUTTON STARTS 
FOR SMALL GASOLINE ENGINES 


Muscles are going out of style for starting 
small gasoline engines. New pushbutton- 
actuated electric starters being introduced 
by Fairbanks-Morse do the job much 
better. 


You don’t have to redesign your gasoline 
engine to use the starter. A Fairbanks- 
Morse starter operated by either a 12-volt 
battery or 110-volt a-c power fits right on 
the same mounting as a conventional re- 
wind starter. 


Battery-operated Fairbanks-Morse 
starters give you added freedom of opera- 
tion — particularly with mobile units that 
often require starting at a distance from 
an a-c power source. Also — having a 
battery mounted right on the engine opens 
the field for advanced design ideas. Other 
power accessories, impractical until now, 
can be added readily toa battery-equipped 
engine. 


A charger that brings the battery up to 
full charge by being plugged into a 110- 
volt a-c outlet overnight keeps the starter 
ready to go at all times. 


Direct drive without requiring a chain is 
another major feature of the Fairbanks- 
Morse electric starter. Use of Spiroid® 
gearing in the starter drive not only makes 
the drive compact but gives it the ability 
to withstand shock loads and assures 
virtually trouble-free operation. 


STREAMLINED for Eye Appea 


EASY TO MOUNT without Enaine Re 


design Replaces conventional starver 


DIRECT DRIVE — No Chain Required 


COMPACT with Reliability Prove 


Extensive Field Tests 


Cutaway of starter demonstrates ease with 
which the new Fairbanks-Morse unit fits into 
the same mounting location as a conventional 
rewind starter. Compact gearing contributes 
both to style and dependability of the new 
Fairbanks-Morse starter. 
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Style 


performar 


new Fairbanks-Mors 


starter. Gear-driven 
of the old-fashioned ch 
quick, positive perfor 





Starter, battery, and charger are combined in a neat Rotor assembly of rugged Fairban 
package by Fairbanks-Morse. Considerable flexibility Rotation forces cam-actuated spe 

is possible in arranging components to meet needs outward until they grip the inner 

of any gasoline-powered engine. The battery makes as shown in sketch. Being spring-loade 


use of other power accessories practica engage instantly when 


& FAIRBANKS-MORSE 


A name worth remembering when you want the BEST SEND FOR BULLETIN 














MAGNETOS + REWIND STARTERS + WATER SYSTEMS + GENERATING SETS Fairbanks, Morse & Co., Magneto Div 
PUMPS + MOTORS + SCALES + DIESEL LOCOMOTIVES AND ENGINES Beloit, Wisconsin 
( ) Send Bulletin FM27 lescribing 
2 electric starter 


( ) Have representative 


‘ ut a : Name 
nle?-¢ . J . ’ Company 
= —, y 1 

—! Address 


City 
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BEETLE® Inhaler Cases Combine 
Packaging, Dispensing Features 


Consumer comfort and confidence are won by Eli Lilly and 
Company through the use of BEETLE urea-formaldehyde mold- 
ing compound for its Forthane Inhaler Cases. Contents are 
well protected against contamination, since the BEETLE com- 
pound is inert to medicinal ingredients, essential oils and com- 
mon solvents. User comfort is assured by the warmth and 
smoothness of the hard plastic surface, which resists scratching 
and chipping and presents a poor foothold to dust and dirt. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 


40A Rockefeller Plaza, New York 20, N. Y. 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


Offices in: Boston - Charlotte - Chicago - 
Los Angeles - New York - Ookland - Philadelphio - St. Louis - 
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Cincinnati - Cleveland - Dallas - 
Seattle 


New Polyester Joints Speed 
Sewer Pipe Installation 


Cast collars of LAMINAC™ polyester resin promise to revolu- 
tionize installation of clay sewer pipe. Flexible, highly resistant 
to temperature extremes and sulfur-active bacteria, the new 
““Speed-Seal” pipe virtually ends trouble with cracked joints 
caused by settling earth, corrosive sewage and root penetra- 
tion. Produced by Gladding, McBean & Co., Los Angeles, on the 
basis of research by National Clay Pipe Manufacturers, Inc., 
the joint consists of a spigot of LAMINAC polyester resin and 
glass fiber which restrains a live rubber gasket. The spigot, 
with gasket, can be forced quickly and easily into the pipe bell 
by hand, speeding sewer line installation. 


New Dictaphone Machine Housed in 
CYMEL* Molding Compound 


Light weight, permanent finish and lasting serviceability are 
among the features of the new Dictaphone “PRESIDENT” dic- 
tating machine. They are secured by the use of CyMEL mela- 
mine molding compound for the power control microphone 
and cradle housings. No separate finishing steps are needed 
since color is molded in. It can’t chip or wear off in handling. 
Molded CyMe has a pleasant, warm “‘feel”’ and resists scratch- 
ing, chipping or staining to keep its rich appearance for years. 


*Trademark 





 €CYANAMID 





w 
. ° 
Detroit or® 


MATERIALS tia 
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¢ “WALES BL TOOLING SAVES US ‘) 
’ ABOUT HALF THE COST ‘ 
OF HOLE PUNCHING” ‘ 

y 

| 


a4 “WALES BL tooling is fast and accurate in our shop. Punches, dies and 
stripping mechanism are all contained right in the tooling, so our presses 
’ have a minimum of down time for change-overs. BL’s are just about perfect 
for punching stock up to ¥g” thick and we get any type of pattern needed 
& with the same units.” 4 
Nothing is attached to the press ram. Alignment of punch and die is permanent. é 
Notching equipment may be used in the same set-up. 
Inventory is kept down and PRODUCTION UP! ? 
A good buy for any shop. 


- 
as” 


=,” wa SEND FOR BULLETIN No. 22 
WALESS7i/0// COMPANY Reason anrotm wo 
is here for the asking. 


“the Wales-Way is the PLUS-PROFIT way” ee eee 
AKRON, NEW YORK "FIELD UNITS 
let us arrange for a Field 


Unit to visit you. Send for 
details. 


WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT. 
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EMMERT RIGHT ANGLE DRAFTING UNITS 


EMMERT Right Angle Drafting Units bring to the 
drafting room the ultimate in versatility and efficiency. 


These attractive, all-steel units provide the operator with 
everything needed, instantly available without rising from 
the chair—adjustable, counterbalanced drawing board .. . 
reference area . . . tool and storage space. 


Versatility in arrangement is provided, too. EMMERT 
Right Angle Units may be assembled in either right or left- 


* EMMERT Right Angle Drafting Units are available with 
or without EMMERT Micro-Drafting Instruments as pic- 
tured in the illustration above. 


MMERT MFG. CO. 


a vy. ® O 
N 


hand arrangements. Change-over from right to left may be 
accomplished quickly and easily, by your own personnel at 
any time after original installation. 


Finished in a rich grey with mist green linoleum tops, 
these units blend perfectly with any color scheme. 


Write today for complete information on these versatile 
EMMERT Right Angle Units. You will be amazed at the 
infinite number of time and labor saving arrangements they 
provide for the drafting room. 


EMMERT MFG. CO. 
800 N. MAIN STREET 
WAYNESBORO, PA. 


Gentlemen: 
Please send me the complete EMMERT Story. 


NAME 





COMPANY. 





ADDRESS. 





a 








MANUFACTURERS OF PRECISION DRAFTING INSTRUMENTS AND EQUIPMENT 





128 - 


Product Engineering January, 195 








Perspectives 





IN DESIGN AND DEVELOPMENT 


WHAT'S AHEAD IN The news is good. The significant points brought out in a preliminary 
ee van tome survey of Business Plans for New Plants and Equipment, conducted by the 
McGraw-Hill Department of Economics during November and early 
December, show that: 

e Business capital expenditures are heading for stability at a high level. 
Although this is the biggest and longest capital spending boom on record, 
no downturn is yet in sight. 

e For 1957, business now plans to increase spending 11 per cent, compared 
with an increase of 21 per cent in 1956. Plans for new plants and equip- 
ment total $40.2-billion for all business. 

e For 1958, about two-thirds of the companies surveyed plan to maintain 
or increase spending from the 1957 level. Only 40 per cent expect a decline. 
e Business expects the prices paid for new plants and equipment to be 
about 6 per cent higher in 1957 than in 1956. This is an average. 

¢ Construction difficulties, and delays in the delivery of equipment have 
held up some of the planned 1956 expenditures until 1957. 

e Neither the elections nor the Suez crisis have had any significant effect 
on plans to date. Only 3 per cent of the companies surveyed said their 
plans have been changed as a result of the election returns. 


CAPITAL SPENDING Of the $40.2-billion figure for all business listed above, the total for 
os reas manufacturing is $14.4-billion—up 14 per cent. This compares with an 
increase of 34 per cent in 1956. The largest increases for 1957 are in the 
steel (32 per cent) and nonferrous metals industries (59 per cent), and in 
the chemicals (29 per cent) and petroleum refining (50 per cent). In these 
fields planned expenditures are so large that some may have to be carried 
over to 1958. 

But there are some declines. The automobile industry spending will drop 
20 per cent, reflecting the absence of a major model change in many lines. 
The big investment for that purpose was in 1956. Also down in spending 
are manufacturers of residential building materials, textiles, and various 
consumer goods like apparel and furniture. In the latter group, the many 
small firms, lower profits and credit difficulties were mentioned as the 
main factors. 

In that respect, many companies are already scheduling higher spending 
for 1958. These are the steel, machinery, electrical machinery, chemical 
and rubber industries. 

Of interest is the strong long-term expansion plans of the capital goods 
industries (machinery and electrical machinery). This, undoubtedly, is 
caused by the large amounts of advance business placed with these compa- 
nies, particularly by the electric and gas utilities, and by companies engaged 
in the highway construction program. 


(Continued on page 131) 
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“CLOSE TOLERANCES...UNIFORMITY” 
Reasons Strong Electric Corporation 


uses BODINE MOTORS 





Bodine Type NSH-12R reducer motor 


es and horsepower r 
, 
ive them the speeds, pow 


) meet their requirement 


Why ore Bodine Motors used for 
Strong projection lamps? 

Mr. A. J. Hatch, president, 

The Strong Electric Corporation, 
Toledo, Ohio, gives these reasons 


"We needed a rugged and precision 
engineered motor for our Super 135 
Motion Picture Projection Lamps, a 
motor providing dependable and 
trouble-free service. Only Bodine 
could supply motors with the speeds, 
rong projection lamps power output and torque characteris— 
a Keeani ot the Mencia Mile tics to meet our requirements We like 
these motors because of their close 
tolerances and uniformity which makes 
them completely interchangeable.” 


Pp 


Jhio. These arc lamps, designed for 
new large screens, burn carbons at the rate of 18 to 30 
nches per hour as compared to about 4 inches in old 
ity lamps. An automatic arc crater positioning system, 
ven by two Bodine motors, assures correct illumination 


LiL 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company, 2260 West Ohio St., Chicago 12, Ill. 


B '@) D | N E Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
horsepower pine exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 
M '@) bg '@) Fe S respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 
the power behind the leading products many other applications. 


fractional 
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Perspectives 


NON-MANUFACTURING 
INDUSTRIES 


THE WEAKEST LINK 
FOR 1957 


The electric and gas utilities are planning to invest $6-billion in new 
plants and equipment in 1957—up 25 per cent from 1956. This will be diffi- 
cult to achieve, but together with the strong advance plans for 1958, it 
points up the magnitude of expansion in these industries in the next 
two years. 

The oil industry will increase their expenditures by 50 per cent to 
expand and upgrade refinery capacity. The complex new processes 
required for higher quality gasolines cost much more per barrel of capacity 
than the older processes. Besides the new refineries, the oil industry is 
adding its own chemical plants, which add greatly to the total investment 
here. Construction difficulties caused expansion and modernization in 1956 
to fall far short of the original goals. Although re-scheduled for 1957, 
some objectives will not be met before 1958. 

At the time this survey was made, crude oil producers had plans for only 
a small increase in expenditures in 1957. This may reflect the difficult cost- 
price squeeze that affected crude oil producers in 1956. But renewed export 
demand, resulting from the Suez crisis could change this picture, leading to 
a larger increase in drilling and production. Unless more steel is made 
available, it may not be possible for drilling expenditures to increase very 
rapidly. 

The mining industry plans to spend 9 per cent more in 1957 than in 1956, 
with large increases planned to develop the resources of iron and nonfer- 
rous ores. Most of these plans will continue in 1958. The program to 
develop usable ore from taconite and other low-grade deposits has passed 
the first phase. This program is not included in the mining total, but 
expenditures were about $140-million in 1956, and will be about $100- 
million in 1957 and later on. 

Railroads are stretching out their construction and equipment programs. 
Outlay in 1956 was less than planned because of a delay in freight car 
deliveries, and because some railroads had difficulty raising money. For 
1957, however, the railroads plan to increase total spending on roadway, 
structures, and rolling stock by 8 per cent. This is not much more than 


they foresee in the way of cost increases for this equipment, and much less 
than might be expected from the backlog of freight cars already ordered. 


What could be classified as the “other transportation and communica- 
tions” group plans for a 12 per cent greater outlay of funds. This includes 
expansion programs of broadcasting and other communications facilities; 
the continuing re-equipment of domestic airlines and increasing merchant 


ship program. Truck purchasing will be down. 


Commercial business, despite higher prices for construction and equip- 
ment, is increasing expenditures by only 3 per cent. Department stores and 
other chain stores report a decline in spending, particularly for stores in 
large shopping centers. Smaller shopping centers are on the increase, how- 
ever. Expansion is indicated for 1958, as mortgage credit becomes available. 
Business expects the prices paid for new plant and equipment to be about 
six per cent higher in 1957 than in 1956. 
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SPEED GRIPS eliminate several punched and 
tapped holes, cut assembly costs 78%, sim- 
plify installation of heater. 


132 





FINGERS OF STEEL 


that hold where you can't reach 


If you can’t reach the back of a panel to hold 
a nut, let the spring steel fingers of a Tinnerman 
Speep Grip® Nut Retainer hold it for you. No 
welding or staking, no special skills or equipment 
required. It’s the most efficient way to attach a 
square nut to a panel in blind location. 

The SpreEep Grip combines a square nut 
retained in a spring steel cage. The Speep Grip 
snaps easily into the panel. Expensive rigid 
position methods are eliminated. Nut floats 
free in the cage to offset minor hole misalign- 


TINNERMAN 


Exped Nella 


ments, but cannot turn as bolt is tightened. 

Sprep Grips can be put on anywhere along 
your assembly line . . . no side trips to special 
stations, no line deviations of any kind. Rust- 
proofed, they can be applied after painting, 
ending costly masking or retapping of paint- 
clogged threads. 

Consult your Tinnerman representative soon 
and write for Bulletin No. 335. Tinnerman 
Products, Inc., Box 6688, Department 12, 
Cleveland 1, Ohio. 


site 
FASTEST THING IN FASTENINGS® 


SPEED GRIPS applied after painting simplify SPEED GRIPS cut costs 75% by replacing 
blind-location assembly of auto seat handle, tapped holes and weld-type nuts as mount- 
avoid paint-clogging of threads. ing fasteners on car radio 
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G. F. NORDENHOLT 


After 27 Years... 


Since the inception of Product Engineering 27 years ago, 
the greatest single factor in its evolving policy and con 
tinuing growth has been its editor, George F. Nordenholt. 
His has been the responsibility for the editorial planning 
of the magazine, and to him belongs the major share of 
the credit for the high editorial standing of the publica- 
tion. 


I'he time has now come for Mr. Nordenholt to put 
down his burden. He will retire on July 1 of this year. 
We have sought long and carefully for his successor. For- 
tunately we had within McGraw-Hill a has 
known Product Engineering as long, although not as 
intimately, as has Mr. Nordenholt. In fact, he was the 
first news editor on the magazine. 


man who 


As of January 1, E. J. Tangerman has been appointed 
executive editor of Product Engineering, to succeed to the 
editorship July 1. He brings to his new post a wealth of 
both engineering and editorial experience. He “grew up” 
in a railroad shop as the son of the late W. J. Tanger- 
man, who held more than a hundred patents on railroad 
cars and accessories. He served his time as machinist ap- 
prentice, pipe fitter and boilermaker helper, then was 
graduated with distinction from Purdue University, from 
which he holds both the B.S.M.E. and the M_E. degrees. 
As editor in chief of the college daily, he chose technical 
journalism as a career. Four days after graduation, he be- 


PRODUCT ENGINEERING 





E. J. TANGERMAN 


gan as assistant editor on American Machinist, progenitor 
of Product Engineering. 


Since that time, Mr. Tangerman has been associated 
with some six McGraw-Hill publications, including basic 
editorial organization of the wartime aircraft technical 
monthly Wings, the McGraw-Hill Digest, and Nucleonics. 
For the past eleven years, he has been managing editor and 
executive editor of American Machinist, and in that ca 
pacity has been responsible for the publication’s alert cov 
erage of new technological advances in Metalworking. He 
has become recognized as an authority on personnel man- 
agement, high-speed and high-feed machining, new ma- 
chining methods, automation, and machine-tool design 
He already enjoys a wide acquaintance among chief engi- 
neers of major machinery manufacturing companies. He is 
a registered professional engineer (N.Y.), a member of 
the A.S.M.E., American Ordnance Association, American 
Welding Society, Society of Plastics Industries, and other 
technical societies. He received several awards, including 
a medal from the Freedoms Foundation in 1955. 


We are confident that, under his aggressive leadership, 
and with the support of the strong present editorial staff, 
operating under Robert W managing editor, 
Product Engineering will go on to new heights of editorial 
service. 


Carson, 
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Publisher 
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NINE REASONS WHY DISC PLOW 
BALL BEARINGS MEAN SAVINGS 


SAVINGS FOR THE MANUFACTURER! 


New Departure disc plow ball bearings re- 
quire no adjustment for wear or preloading 
—eliminate threaded spindles, nuts, 
washers. 


and 


. Bearing seats can be bored in a single 


chucking. Machining is simplified; bearings 
accurately aligned 


. Smooth-finished surface of extended bearing 


inner ring provides perfect contact surface 
for triple-lip seal. No special grinding needed. 
Assembly is simple, foolproof, lower cost. 


SAVINGS FOR THE FARMER! 


no time for service or for relubrication. 


. There’s no down time because of loss of 


adjustment. 


. All discs mounted with ball bearings remain 


fully adjusted . . 


. ho unplowed strips be- 
tween furrows. 


. Because there is no need to expose bearings 


for adjustment, there’s no danger of bear- 
ing contamination. 


. Discs mounted on ball bearings turn more 


freely, balance disc wear better . . . give 
longer disc life. 


Write New Departure today for bearing 
mounting information for the farm equipment 
you are most interested in. 


1. New Departure disc plow ball bearings 
are sealed and prelubricated . . . require 


SEE '"WIDE WIDE WORLD" SUNDAYS—NBC-TV 


FALL BEARINGS MAKE GOOD PRODUCTS BETTER 





NEW DEPARTURE e 
134 


DIVISION OF GENERAL MOTORS e CONN. 
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BRISTOL, 
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PRODUCT ENGINEERING 


Choosing Equipment for 


Drawing Reproduction 


A Photostat Camera in 
which the original may 
be laid flat on the copy 
board (lower right). 
Sensitized paper within 
the camera is held ver- 
tical and receives its 
image from the prism 
and lens at the front of 
the camera. 





A critical comparison of printing and photocopying machines as related to 


the needs of a medium sized engineering department. Techniques are in- 


cluded to revise or restore old drawings with a minimum of drafting time. 


ARTHUR W. TABER 


Peerless Photo Products, Inc 


TECHNIQUES FOR THE REPRODUCTION OF DRAWINGS, lists, 
and other forms of written communication are so varied 
that it is necessary here to limit discussion to the needs 
of a medium sized organization with average requirements 
Much of what is said will apply equally well to larger or 
smaller companies, but it should be recognized that 
larger companies can afford to invest in more expensive, 
specialized equipment whereas smaller ones may be content 
to let a commercial photocopier or blueprinter handle 
special work. 
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In any company the basic need is to make a cleat copy, 
correct in all detail and easily readable, of an original 
which may be translucent o1 opaque, at lowest cost and 
in a minimum amount of time. It should also be possible 
to make changes and modifications on drawings without 
laborious tracing by a draftsman 


Average Company Defined 
A medium sized company will have an engineering de 
partment of approximately twenty men 
have, or want to set up, a reproduction department undei 
have 


They already 


the supervision of engineering. The company may 





A BLUE PRINT MACHINE uses an iron sensitized 
paper requiring liquid development and drying iu 
order to produce a “blue print”:— namely, a white 
line on a blue background or, if the print is made 
from a negative, a blue line on a white back);round. 
Here negative means any original having a white line 
on a black or blue background, and it may be either 
direct reading or reverse reading. 


A DIAZO MACHINE is one using an organic dye 
sensitized paper requiring either ammonia fumes or a 
liquid alkaline solution and drying, for development 
of the final print. These reproductions are often called 
dry process or blue line prints. Actually, they may 
be either blue line or black line depending upon the 
dye used. Other colors are also producible. 


A PHOTOCOPY MACHINE, as considered here has 
a light source of lower intensity than either the blue 
print or diazo machine for exposure of a silver 
sensitized photographic paper. Original and sensitized 
copy paper are brought into intimate contact either 
by pressure or by creation of a vacuum. They may be 
run over a roller or laid flat depending on the type 
of machine. 


PHOTOGRAPHY is distinguished from photocopy 
in that a lensed camera is used. This may be a copy 
camera, a process camera of either the dark room 
type or gallery type, a microfilm camera, or a flow 
type camera. A silver sensitized paper or film, more 
sensitive to light and, consequently, faster in speed 
than the paper ordinarily used for photocopy as 
defined above, is the reproducing medium. 


OFFSET is a method ordinarily used to reproduce 
copies in quantities and in limited ranges of sizes, 
using standard duplicating machines. Sensitized ma- 
terials are used only in producing the masters from 
which copies may be made. Copies are made on good 
quality bond paper. 








other types of reproduction equipment but it is doubtful 
if these are supervised by the engineering department. 

Common reproduction methods are listed and briefly 
described in the box above. Other methods are available to 
answer specific needs in specific industries. For example, 
Brown prints or Van Dykes use an iron silver sensitized 
paper that may be exposed on a blue print machine. 
Wash-off Tracing Cloth or CB’s, as they are sometimes 
called, are sensitized with a bichromated silver emulsion. 
Under special conditions these materials might be most 
suitable but not for normal applications. 

Quite arbitrarily then, the field has been narrowed to 
consideration of the simplest and most direct way of 
answering a typical company’s needs. 


Blueprints or Diazo Prints 


If the original is a new pencil tracing either a blueprint 
or a diazo print is acceptable to the shop. Twenty years 


136 


ago blueprints were made from tracings in whatever 
quantity required. Many companies made their original 
tracings in ink on cloth so that they could withstand re- 
peated handling through the machine. Today, a penci! 
tracing would be used as the original. If a blueprint ma- 
chine is the only machine available for reproduction, then 
the original tracing will be used each time a print is 
required. This handling often results in tears, dirt and 
a general deterioration of the original and, consequently, 
in the reproduction. 

Diazo machine prints cost slightly more and will be 
either blue line or black line on a white background. This 
print is generally accepted in the plant today without 
question by the production department. Intermediate 
prints may be made from the original tracing on a thick 
translucent paper. These are sometimes referred to as 
sepia prints. The intermediate is used in place of the 
original tracing to produce the required number of prints. 
Original tracings are preserved in best possible condition 
since they must be run through the machine only once 
for each intermediate. 

It is possible to use color in diazo prints to indicate 
degree of completion. For example, a blue line print 
may be considered final approved copy whereas a black 
line or a red line is not a shop print and may not be used 
for production. 

Blueprint machines are limited to only one type and 
weight of paper. It is furnished in rolls requiring trimming 
of the finished print. Lower initial cost of paper serves 
to offset increased labor cost providing the volume used 
is large enough. 

With a diazo machine, the choice of materials is wider. 
Printing stock is available in rolls or cut sheets, translucent 
or opaque. If cut sheets are used of the same size as the 
original, slightly more time is required in lining up the 
original with the sensitized paper. 

Shelf life of both sensitized materials is quite satis 
factory. Strength is comparable. Finished prints of both 
will have a tendency to fade when exposed to light over 
long periods of time. Either paper will deteriorate before 
use under poor storage conditions particularly in high 
heat and high humidity. 


Additional Equipment Requirements 


Production of a finished print from an original is only 
a part of the problem. Changes and modifications of 
original drawings may occur frequently and should be 
possible quickly and with a minimum of draftsman’s 
time and expense. Supplementary equipment need not 
necessarily be occupied a full eight hours by the engineer- 
ing department just to make changes and modifications. 
It is reasonable, then, to consider a type of equipment 
that may meet some of the reproduction requirements of 
office manager, accounting department, shipping depart- 
ment or sales and advertising department. ‘The photo 
copy or photographic method of reproduction may answer 
these varied needs. 

Materials used in these processes are coated with light- 
sensitive emulsions of the silver halide type and must be 
processed and handled in a dark room. Distinguishing 
features of these two methods are that photocopy is a 
method for making size for size reproductions while 
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photography permits size for size, enlarged or reduced 
reproductions. 

Drawing sizes are usually limited to a maximum of 42 
in. wide and 48 in. long or longer. In some special ap- 
plications drawings may be 54 in. in width, and longer 
than 48 in. but these are usually confined to the aircraft 
industry. For practical purposes of this discussion the 
drawing 42 by 48 in. will be considered the largest needing 
reproduction. 

For photographic reproduction it would be logical to 
use a process camera for such large drawings. Cameras 
limited to 24 x 24 in. originals require copying in sections 
Process cameras will easily handle large sizes for reductions 
but the investment involved and space required would be 
high. In addition, only skilled operators can handle a 
process Cameta. 

Photocopy seems to offer some very decided advantages. 
Rotary printers are available large enough to handle 42 in. 
wide prints or large size vacuum frames with a proper 
light source may be used as the exposure method. It is 
also possible to use a biueprint or diazo machine as the 
medium of exposure using the positive materials that 
are available. Of course a tray or tank set up for de- 
velopment of silver emulsion papers is needed and since 
there would be interference with the regular flow of work 
a completely new setup covering photocopy equipment is 
preferable. 

A rotary printer for photocopy reproduction has certain 
limitations in flexibility. In some ways it duplicates the 
rotary machine that is used as a diazo or blueprint unit. 
A rotary unit will expose anything that may be run through 


Fig.1 
Fig. 1—Schematic diagram of expo- , 
sure and development in the blueprint 
process. Only one type of blueprint 
paper is available. Originals must be 
translucent and flexible. 


Light 
source 


Fig. 2—Dry development diazo print 
machine. Many different kinds of paper 
are available for color prints on opaque 
or translucent paper. Wet development 
differs only in that print passes through 
liquid development and is subsequently 








Heating coil tte eeaees 


inammonia 
woter Developer 














Product Engineering — January, 1957 


the blueprint or diazo machine, however, reproductions 
may be required that will not go through a rotary machine 
satisfactorily but would be easily handled on a flat-bed 
printer or vacuum frame. Such work could involve 
reproductions of originals that are on cardboard or metal 
which can’t be bent around a glass cylinder. 

If such work is a part of the routine of the plant, then 
1 vacuum frame is indicated. A rotary type unit for blue 
prints or diazo prints supplemented by a vacuum photo 
copier provide great flexibility since what may not be donc 
Within its size 
limitaions, of course, a camera may be used to copy any 
original. 


on the one can be done on the other. 


Revising Drawings 


Photography and photocopy both offer the most flexible 
means to make changes and modifications on drawings 
with a minimum amount of redrafting. Suppose a bluc 
print is the only original available. A negative print of 
this blue print may be made. If lines or figures must be 
eliminated, opaquing will take lines from the copy mad« 
This copy may be made on traiislucent paper or cloth and 
it becomes the new original from which corrected blue 
prints are made. 

Closely related to the above problem is that of making 
prints from a drawing on opaque paper. In this case, it 
is necessary to make a reflex print by photocopy, or photog- 
raphy. To get best results, a negative is made on a papet 
with high contrast. If any corrections or changes are 
necessary on the final print, the negative may be opaqued 











Blue print 
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Fig. 3—Typical copy camera is limited to 42 in. width. Enlarge- 
ments and reductions are possible. 














\ white background print is then made on the translucent 
paper or cloth. ‘The draftsman may add the changes, if 
ny, and the required number of corrected prints may 
then be made. 

If the original is an old, dirty drawing with torn borders 
a reverse reading print should be made on good, sharp 
Black ink, black 
paper or black tape all places which need revision Thi 
Now, a direct 
reading print may be made on contact paper or cloth thai 
A draftsman 
Che old 


print has not been damaged in any way and may be « 


contrast translucent paper. out with 


ipplies, ilso, to the borders of the print 


has all items except the desired revisions 
mav incorporate revisions on the paper or cloth 
tained for record purposes. ‘The intermediate is now 
equivalent to a new tracing. 

Changes on photocopy materials may be made by the 
use of eradicators. Most engineers dislike eradicators, and 
unneccssar\ On 


soft 


makes them 


is possible to make crasures with a 


proper use of materials 
cloth it 


abrasive eraser without damage to the fabric. 


now 


Photographic Methods 


lor drawings that do not exceed approximately 18 x 24 
in. the copy camera may be used. For large size originals 
the process camera is considered best. It is possible to 
accomplish photographically any of the results that may be 
obtained by the 


photocopy method already discussed 


Materials used on the camera are of the projection speed 


type, making it necessary to work under dark room condi 
tions. 
Ihe big advantage that the camera has is that enlarge 


A Vacuum Printer provides one-to-one reproductions of flat 
originals. The copy paper is held in close contact with the 
original by a flexible blanket and the space between glass and 
blanket is then evacuated. 


ments or reductions are possible. In the past few years, 
there has been a tendency to use half size prints in the 
shop. Such prints may be produced on a flow type 
camera that will take originals up to 42 in. wide and any 
Savings in blueprint paper or diazo paper are 


The quality of the prints made on the 


length 
considerable. 
camera is excellent and there is a choice of paper, film o1 
cloth backing 

Often, an enginecring department has the responsibilit: 
manuals 


of making parts lists or instruction 


hundreds of copies usually in a 84x11 in. size. A camera 


requiring 


is necessary to get large prints down to the required size 
Reductions may be made on either paper or film of high 
contrast in negative form so that plates for offset duplicat 
Once this satisfactory 


ing machine may be madc 


~ 


nega 
tive is made, it is comparatively easy to burn-in a plate 
on the new presensitized metal or paper plates. Hundred 
of copies are casily produced on small offset duplicating 


machines. 


Recommendations 


Either a blueprint or diazo machine is essential since 
shop prints will be produced from original tracings or 
this unit. For the average size 
concern a diazo machine would be most adaptable. Many 
whereas a 


from intermediates on 


materials are available for a diazo machine 
blueprint machine is limited to blueprint paper of onc 
quality. It is possible to expose Brown print or Van Dyke 
paper on blueprint machines by changing the developing 
solution. It is also possible today to purchase machines 
that may be used for either blueprint paper or the so 
called positive papers with silver halide emulsions. How 
ever, only one type of paper may be processed at one time, 


All bluc 


not 


since the developing chemicals differ for cach. 
print roll and are 
idaptable to cut sheets 

Whichever is chosen, the basic machine must be sup 
Sinc 
up to 42 x 48 in.—and the greatest 
demand is for size for size prints, photocopy is probably 
advantage thal 
the ability to 

The number 


machines are made for use, 


plemented by either photocopy or photography. 
drawings may be large 
simpler and more cconomical Che only 
photography would have here would be 
reduce or enlarge the size of the originals. 
of reductions or enlargements required, if any, are prob 
ibly a very very small percentage of the reproductions re 
quired. Consequently, a vacuum printer or rotary printer 
of the proper size to take the largest size print would be 
the most satisfactory type of supplementary equipment 
I'he vacuum printer has the advantage of flexibility that 
a rotary printer lacks. 
printer that has a light source that may be used to expos: 


It is possible to obtain a vacuum 


either the standard speed reflex papers or the 
papers 


positive 


With this selection of equipment intermediates ma 
be made on paper, cloth or film for reproduction of shop 
prints on the diazo machine. Color coding may be used 
on the prints as reproduced on the diazo machine. There 
is 2 minimum of interference in turning out the required 
work as the two machines may be used simultaneously 
Often when the load on one machine becomes excessive 
it 1s possible to relieve this situation by doing some of 
the necessary reproduction on the other. 
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DRAWING REPRODUCTION TECHNIQUES 





ORIGINAL 


WANTED 


METHOD 





Pencil or ink drawing on cloth, 
paper, or vellum. Translucent 
paper. 


Intermediate, white line on black 
background, reverse reading. 


Drawing to remain unchanged. 


Opaque or translucent drawing. 


Blueprint. 


To obtain size for size blueprint 
or diazo print for shop 


Blue line on blueprint. 


Dark background 
paper. 


on diazo 


Black 
print 


on white background 


Shop 
changes 


prints incorporating 


Black on 
print 


white background 


Intermediate for shop prints 


Copy on blueprint machine or diazo machine directly 


Copy on blueprint machine 


Make a straight diazo print 


Photocopy with photocopy paper 


Make negative print on reflex photocopy paper. Block out 
areas to be changed. Make intermediate on photocopy vellum 
or thin paper. Add new work to thin intermediate. Make 
blueprint or diazo print from intermediate 
Note: Areas may be removed with eradicator but blocking 
out should be easier and more satisfactory 


Photocopy with positive paper 


black 


blueprint or diazo print from 


Make reflex print on photocopy vellum or thin paper 
on white background Make 
reflex print 


line on black back 
white line on dark 
line on white back 


Make reverse reading positive print (white 
ground). Fro this a diazo print will b 
background. A blueprint will have bluc 
ground. 


Make reflex print, reverse 
photocopy paper, white 


v 
Make shop print from this 
negative on blueprint paper 


reading on light weight 
on black background 


v 
Make positive photocopy on 
vellum or lightweight paper 


blue line on white back 
ground), or on diazo paper 
white line on dark back 
ground 


From this positive copy make 


Opaque drawing or printed 
both sides. 


Size for size blueprint 


blueprint or diaz 
or diazo print. 


sh¢ »p 


print fo 


Make intermediate reflex print on positive paper 
Make blueprint or diazo print from intermediat: 


Make reflex negative on high contrast photocopy paper to 
retain grid and template detail. Use this negative to make a 
positive photocopy on vellum or thin paper. From vellum or 
thin paper make blueprints or diazo prints 


Plant layout using templates 
or aluminum plate with grid. 


Shop prints for installation men 


Make a reflex negative on high contrast photocopy paper 
From this negative make a positive on photocopy vellum or 
thin paper. 

Use this method for up to 25 copies 


Intermediate for multiple copies 
on blueprint or diazo machines. 


To reduce to half size with 
good legibility. 


Typed, printed, wricten or repro 


Copy on any standard photocopy camera with half size s 
duced, one or both sides. 


Result will be white on black background 


tting 


Make negative on process camera either on film or high contrast 
paper. 

Negative may be same or reduced size. 

Burn in plate on standard frame 


Plate for use on offset machines. 











In recommending the selection of the above equipment results obtained. Note, however, that th« relatively 
reproduction of prints in reduced size for plate making 
by offset printing has not been considered. If this is a 
required service a camera would better replace the photo 


COpict. 


high 
Over the past few vears there has been extensive develop 
Refer 


ence is made to microfilming, movie making, high speed 


ment in reproduction equipment and methods 
The size and type would be dependent on the 
originals to be reduced, but if 42 x 48 in. is set as the 
upper limit, a process tvpe of camera is indicated. A dark 


room camera is advisable for ease of operation and for 


photography, color photography, reduced size drawings 


photomicrography, and many other special fields of photo 
graphy too numerous and speciali ed to bi msidered here 
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Fig. 1—Parts and materials protected with 
fluidized plastic coatings. Polyethylene 
coated items: (A) aluminum extrusion, (B) 
perforated sheet steel, (C) acid solution 
pump impeller, (D) chemical agitator, (E) 
laboratory forceps, (F) test tube rack and 
(G) electrolytic plating bath fixture. Poly- 
ethylene coatings may be colored blue, 
black, red, green and natural. (H) hand 
scoop coated with Fluorothene. 


Fluidized 


Plastic Coatings 


for Corrosion Resistance 


Powder dip process provides uniform corrosion-resistant plastic coatings on intricate 


parts; mechanism of fluidization, coatings available, cost factors, and applications. 


DR. J. A. NEUMANN, American Agile Corporation 
PROF. F. J. BOCKHOEFF, Fenn College 


[HE PARTS SHOWN IN Fic. | have been protected with 
polyethylene by a process called fluidization coating. Result 
is an adherent, tough, corrosion- and electrically-resistant 
cladding. Parts to be coated are heated above the melting 
range of the plastic, then immersed for a few seconds in 
a bed of specially prepared plastic powder, maintained in 
a bubbling or “fluidized” condition by compressed air or 
inert gas. Upon removal, residual heat melts and levels 
the adhering powder particles to a smooth, non-porous 
resin coat. 


140 


Plastics presently used include polyethylene, nylon, some 
polyethers and certain fluorothenes. Conceivably, any 
thermoplastic resin may be used for fluidization coating 
if it exhibits reasonable stability toward degradation and 
oxidation above its melting range. 


Advantages of this coating method are: (1) a short time 
is required to produce ready-to-use coatings; (2) elimina- 
tion of solvent improves coating porosity compared to 
dispersion or solution-type coatings; (3) thick coatings 
can be applied in a single dip without sagging, running 
or crazing; on heavy metal parts, coatings up to 100 mils 
can be applied in a few dips without cure or cool-down 
between immersions; (4) coatings are uniform in thick- 
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Fig. 2—Drainage screen being fluidized with polyethylene. (A) Heated part ready for dipping. (B) Screen is immersed in fluid- 
ized powder bed for 1 minute. (C) After immersion, residual heat in part melts adhering powder particles into uniform coat. 


Table I—Corrosion Resistance of Fluidized Polyethylene Coating 





Time 
and Temp. | Per Cent 


L 
| 
| 
| 


3 months 
at 20C 


1 month 
at 40 C 


1 month 
at 60 C 


Fig. 3—Stirring propellers for acid 
and alkali solutions coated with poly- 
ethylene. Behavior of fluidized poly- 
ethylene in various corrosive environ- 
ments is shown in Table I 





Solution 
Per cent change in 
Tensile Strength 


Reagent Ductility 


none 
none 
none 


Sulfuric 
Sulfuric 
Sulfuric 


Nitric + none 
Nitric + 10 
Nitric + 20 





none 
none 
none 
none 
none 
none 


Hydrochloric 
Phosphoric 
Chromic 
Formic 
Citric 

Lactic 


Caustic Soda 


Nitric 


Sulfuric 
Sulfuric 
Nitric 

Nitric 
Hydrochloric 
Phosphoric 














ness since the scrubbing, turbulent action of the fluidizer 
reaches the most recessed areas of the part; (5) there is 
no material loss compared to spraying when coating open- 
meshed or small objects; and (6) pertable fluidizers can 
be used where on-the-spot protection must be applied. 

Absence of solvent or plasticizers develops maximum cor- 
rosions resistance of polyethylenes or fluorothenes. Corro 
sion resistance of fluidized polyethylene coatings is indi 
cated in Table I. Plasticizer blends are not required as in 
plastisol application, removing the problem of age em 
brittlement caused by plasticizers leaching or migration 
lhree plastic materials currently used for fluidized coatings 
are listed in Table II. Polyethylene coated propellers, 
Fig. 3, are a typical application 
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Mechanism of Fluidization 


Fluidized plastic powders have been used for coating 
applications since 1948, though the technique was not 
publicized until 1950 when a British patent was issued 
covering “a powder receptacle, in which an air jet and 
the opposing force of gravity circulated the powder 
where the powder is kept in suspension.” Fluidization is 
that unit operation in which a mass of solid particles, 
usually finely divided, is maintained by means of an 
upwardly moving gas stream in a turbulent dense state 
Gas used is either compressed air or nitrogen depending 
on the oxidation tendency of the polymer. 

Principal pressure gradient required for fluidization is 
that required by the gas to overcome friction in the bed 
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of closely packed powder. When 
the pressure drop across the bed ap- 
proaches the unit area weight of the 
bed, the solids begin to move. This 
represents the initiation of fluidiza 
tion which is similar to the bub 
bling of a gas through a liquid. 
Splashing occurs and streamers are 
occasionally ejected above the sur- 
face of the fluidized bed. When 
the container is tipped or rocked, 
the fluidized powder bed behaves 
like a liquid. 

As gas velocity and pressure drop 
increases through the bed, the 
mean free path of the powder parti- 
cles increases, gradually increasing 
bed porosity. Variation of pressure 
drop through the bed with super 
ficial gas velocity is shown in the 
generalized curve of Fig. 4. Por- 
tion AB of the curve represents 
fixed-bed operation; no motion of 
particles is observed and the poros 
ity of the bed remains constant. At 
point B the resin particles begin to 


Table Il—Fluidized Coating Materials 





Conventional 
Polyethylene 


Linear 
Polyethylene 


Max. 
Service 
Temp. F 


Properties 


Chemically inert 

Non-toxic, odorless, tasteless 
Tough, flexible 

Outstanding dielectric strength 
Excellent vapor barrier 


Chemically inert 

Non-toxic 

Tough, semi-rigid 

Outstanding dielectric strength 
Excellent vapor barrier 

Good heat resistance 


Excellent abrasion resistance 
Good bearing characteristics 
Tough, high strength 

High heat resistance 
Electrical insulator 
Chemically resistant 


Typical Applications 


Corrosion resistant 
surfaces for: 


Pickling racks and baskets 
Trays, small containers 
Impellers, stirrers 

Lab equipment 

Plating jigs and racks 
Fasteners 

Strainers, filler plates 
Gaskets, flanges 

Valves, pumps 

Rollers, floats 
Conveyors, hoppers 

Fan rotors and housings 


Electrically insulating 
surfaces for: 


Switch components 

Electrode holders 

Plating jigs and cells 

Abrasion resistant bear- 
ing surfaces for: 

Bushings, gears, bearings 

Electrical switch components 

Rollers and slides 

Valve seats 


move and the bed comes unstable 
Point C represents the loosest ar 





Fasteners 
Motor parts 
Textile machinery parts 











rangement of the particles which 
can remain in contact; this repre- 
sents the beginning of fluidization. 
From C to D the bed expands in 
volume with a consequent increase 
in porosity. At D, fluidization is 
complete. Further increases in gas 
velocity beyond D give only slight 
pressure drop increases, due to in 
creased fluid friction and entrance 
effects. 

Optimum condition of operation 
is point D, which represents the 
minimum required pressure drop 
and superficial gas velocity for com 
plete fluidization. 
velocity 





Pressure drop 


A higher gas 

creates an undesired increase in bed porosity, 
requires greater gas consumption and causes cooling of 
the part being coated. At D, porosity is high enough for 
easy dipping of articles to be coated. 


Coating Process 


Part to be coated is heated to a temperature above the 
melting point of the resin powder and submerged in the 
fluidized bed. Powder particles in contacting the hot 
surface form a partially melted coating whose thickness 
is dependent upon several factors: (1) ratio of weight to 
surface area, (2) preheat temperature, (3) fusion tempera 
ture of polymer, (+) thermal conductivity of polymer, 
(5) immersion time, (6) specific heats of polymer and 
object, (7) density of polymer. For example, the relation- 
ship between coating thickness, preheat temperature and 
immersion time for the coating of a steel panel with low 
modulus polyethvlene is shown in Fig. 5. Curves vary 
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Fig. 4—Variation of pressure drop with 
gas velocity in fluidized bed. Region AB 
represents fixed-bed operation with po- 
rosity constant; at B, bed is unstable as 
particles begin to move; in region CD 
bed expands, porosity increases; point 
D is optimum operating condition 





Gos velocity 


considerably depending upon the polymer and the geometry 
of the part being coated. For an object having a greater 
weight-to-surface area ratio, the coating thickness would be 
proportionately greater. 

After withdrawal from the bed, the outer surface of the 
coating is still grainy and unmelted. However, additional 
heat is soon conducted from the part to the coating surface 
causing complete fusion and leveling the coating. Occa 
sionally, thin-walled objects do not furnish the required 
heat necessary for complete fusion after immersion. In 
these cases, a post-heating period in an oven is required. 

Kinetic energy of the fluidized particles is sufficient to 
provide good adhesion to most properly cleaned metal 
surfaces. Coating adhesion, however, can be further im 
proved by using proper pre-treatment. Treatment is gen- 
erally of the surface conversion type and is specific for 
various types of metals. 

Commercially available fluidization powders are modi 
fied to provide greater adhesion, better free-flow proper- 


Product Engineering January, 1957 





ties and better general operating characteristics. In most 
cases, non-modified powder plastics will not provide satis 


factory operation 


Application 


Several prepared powder blends are available for variou 


temperature conditions and corrosion resistant require 


I'luidized coat 
ings of these materials are applied to such laboratory items 
as clamps, spatulas, test tube baskets, support racks, elec 
trical components, trays, 


ments, three of which appear in Table I 


fasteners, small containers and 


electrically insulated tool handles. Commercially, fluidized 
coatings are used for strainers, filter plates, wire screen, 
impellers and other stirring equipment, pickling and dip 
ping baskets, gaskets, flanges, valves, pump parts, bellows, 
rollers and various types of floats. Fig. 1 shows a group 
of such parts. A heavy impeller coated with polyethylene 


is shown in Fig. 6; note unitormity and smoothness of 
coating. 

The process can be applied to specially shaped items 
by conducting fluidization entirely within the item to b« 
coated. Fig. tank 
inside with polyethylene. The 
approximately 20 mils. 

It is hard to generalize on 
The following example, 


magnitude yardstick 


shows a which is coated on the 


thickness of the coating is 
fluidization 


costs 


coating 
however, provides an order of 


cost of polvethylene powder modified 


¢ 
” 
” 
2 
c 
= 
: 
y 
= 
> 
s 
= 
° 
° 
oO 


Coating on stee 
ponel 4x8 «Vie 


Fig. 


coat interior with 


8 16 

Immersion time, sec 
Fig. 5—Polyethylene coating thickness 
on steel plate as a function of preheat 
temperature and immersion time. Post 
heating is occasioally necessary on thin- 
walled objects for complete fusion. 


Fig. G—Heavy pump impeller coated with 
polyethylene. Impeller diameter about 
12 inches 
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Fluidized 


for fluidization 


ibout $1.40 per pound, which covers 


34 sq ft to ww in. thickness, for a 
of $0.40. ‘To this 


blasting and application of 


material cost per sq ft 


must be added cost of cleaning, sand 


coating. Depending on com 


plexity of shape and preparatory work necessary, total 


cost varies between $1.00 and $5.00 per sq ft 


In many applications fluidized plastic coatings provide 


quick, convenient and economical protection against cot 


rosive environments. Adaptation of the fluidized coating 


process to continuous coating methods is under develop 
ment; continuous wire and screen coatings appear entirely 


feasibk 


EDITOR'S NOTE 


discussed in the following recent articles: 


Other techniques of protecting metals are 


Changing for Resistance to Corrosion and Wear,” November 
1956 page 180, describes a process by which chromium is dif 
surfaces 

“Vinyl Laminate,” July 1956 page 167, 
PVC to prior to operation 
tough, has fair corrosion resistance and can be stamped to the 


fused in metallic 
describes bonding of 
sheet metal forming Coating 1s 
desired form 

“Developments in Sprayed Metal Coatings,” 


194, 


June 1956 page 
New methods in spraying metal and ceramic coatings 

“Prefinished Aluminum,” April 1956 page 135. How electro 
chemical paint and electroplated coatings stand forming opera 
v1ons 

Data on chemical resistance of resins and elastomers for 
coatings are included in “Organic Barriers for Corrosive Pro- 
tection of Metals,” in the Product Design Digest Issue published 


mid-October 1954, page C14 


bed placed inside tank to 
polyetheylene 20 mils thick 





DESIGN FEATURES 


Stepped Pistons Simplify 


Compressor 


Construction 


Mounting 3rd and 4th stage pistons on 
pistons of lst and 2nd stages reduces the 
number of moving parts in a high-pres- 
sure, high-volume air compressor made 
for aircraft applications by Stratos, a divi- 

intercooler sion of Fairchild Engine & Airplane Corp. 
By increasing effective piston length, the 
stepped piston design improves alignment 
and piston stability, and is also the basis 


WRAPPING INTERCOOLER UNITS AROUND COM. for compact and light construction. Com- 


PRESSOR and passing air in parallel streams across intercooler 
aud crankcase makes best use of available volume. Connections 
between stages pass around compressor through intercoolers with 
hot and cold ends grouped together to form a cross-flow heat 
exchanger. Compressors of similar size, handling less volume, 
dissipate about 4 the heat removed from this machine which 
delivers 11.2 scfm at 3000 psig, with inlet air temperatures 


pressor assembly includes intercoolers, 
cooling air fan, inlet pressure regulating 
valve, and relief and unloader valves. 
Other design features are a crankshaft 


with a removable counterweight, one- 


around 200 deg F. A slip clutch protects the fan from high 
accelerations when compressor is started and stopped. Concen- 
tric inlet and exhaust valves in each stage are light spring-loaded 
annular plates, operated with pressure differentials developed by 
piston motion. Inlet valve is in center on first two stages, as dis 
charge valve lift is limited by dynamics of pressure rise and air 
flow. On last two stages, discharge valve is in center as air den 
sity is high and pistons have small diameters 


piece connecting rods, and a dry sump 
crankcase. All stages use piston rings to 


avoid lapped fits and mated parts. 


CRANKSHAFT is threaded through 
one-piece connecting rods at assembly, 
and front counterweight is then locked 
in place, This design helps make unit 
compact as housing needs no ports for 
access to joints in crankshaft or connect- 
ing rods. Also, these parts can be lighter 
and still have sufficient strength for the 
high loads encountered. Crankshaft 1s 
supported on 2 ball bearings, and lubri- 
cating oil enters shaft from the pump 
through a close-fitting metering bushing 
forward of the front bearing; holes in 
the crankshaft distribute oil to the con- 
necting rods and cylinders; counter- 
weights pump oil out of the dry sump 
through ports in close fitting casing. 


peer. bearing Front bearin 


—Counterweights 


C7 
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IN NEW PRODUCTS 


Intercooler 











> 
FOUR STAGES ARE USED to keep the compres ; 
sion ratio in each cylinder about 4 to 1 so discharge Cooling air from 
. : sd | intercooler passes 
air temperatures remain below 500 deg F. This is a over unit 
compromise between mechanical and thermody 2nd stoge 
namic design requirements, as the mechanical com jenn discharge 
plexity of more stages would offset the therody Regulator 
: < “(in toke) 
namic gains. When operating with 14 psia inlet air 
pressure, 4th stage compression ratio is about 3.3; it 

















4th stoge 











rises to 4.6 when inlet air pressure drops to 10 psia 
at high altitudes, and unit still develops 3000 psig 
discharge pressure. Stepped piston design requires 


only 2 connecting rods on a single-throw crankshaft 
ind helps keep unit compact and simple; placing 





st stage Reliet 
vo/lve 
cylinders in form of a 90 deg “V” enables simple discharge . 


ounterweights on crankshaft to compensate for 
primary unbalance forces. A check valve vent from 
the crankcase to the Ist stage inlet reduces oil con 
sumption, but maintains adequate cylinder lubrica 
tion. Displacement effects of the 90 deg cylinder 
rangement keep crankcase pressure below that of 
Ist stage inlet; air pumped through vent valve is 


quivalent to piston blow-by, which 


quite small 


Unlooder 
valve — 


FIRST STAGE PISTON IS MADE SHORT mounting WI in Relief valve 
bosses on bottom of head, which places it inside rings and flush wit 


i 
surface. Pistons are tin plated steel to allow 


lose fitting for good oil 
trol with little chance of seizing. Stepped piston design in 
with shorter skirt as a porous metal lubri 
an outboard support. Connecting rods are solid with 

At large end, needle bearings run directly in rod and are restrained axialh 


by a spacer ring which also control oil flow. Bearings in small end 


reases stability 


iting ring on the plunger acts a 


1 bore at each end 


hay 


an outer shell with spun lips to retain the need] 


n 


¥ 


PRESSURE RELIEF VALVES are as 
3rd stage plunger 
} Porous meto/ _-I st stage sembled integral with Ist sta 
= tings and the discharge fittings of all but 
| 


ge inlet ht 


the 4th stage. Designed for the compact 
arrangement of this compressor, they are 
Boss much smaller than commercially available 
nits of similar capacity, and are spring 
Swasseinny 108 loaded disk valves. Placing valves at inte1 
tage discharge fittings protects unit 
wainst intercooler blocking, as well as 
back flow if an inlet valve fails, and pre- 
vents any one stage from developing an 
excessive compression ratio if another stage 
fails. Unloader valve is also designed for 
this compressor and bypasses the air when 
accumulator or receiver is up to pressure 
Valve has a diaphragm pilot which actuates 
an unloading plunger 
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PRODUCT DESIGNS 


Main fue/ 
metering 
control 


Carburetor >. 


venturi 


Throttle 
plate 


Operates in sages 


Secondary 
venturi 


Any Position 


Chain saw carburetors must operate with the Idle mixture air 
Se 1a : E — and vent to 
saw in any position. To make this possible, diaphragm 
McCulloch Motors Corp., Los Angeles, Calif., 


uses a diaphragm in place of a float to regulate ‘| | dole fuel oritice 


-— Fuel/leve/ 


fuel level. Also, compactness and full-range 
mixture control are obtained by using a cali- _tdle 

d mixture 
brated throttle plate instead of a butterfly valve —~ 


to control engine speed, and by placing a relief 


valve in the main fuel system to prevent flood- 
: ae : , / Fuel inlet 
ing when the engine is tilted. A felt wick picks ‘ Diaphragm — iti 
@ engine 
up fuel in the tank and delivers it to the pump. “Boll valve 
oe 


IDLE FUEL ORIFICE is below gasoline level on wet side 
of diaphragm, and admits fuel to chamber where it mixes 
with air entering through idle mixture control. As throtth 
plate has closed off other air passages to engine, this mix 
ture is drawn up through throttle plate into primary ven 
Primary turi. Fuel level on wet side of diaphragm regulates ball 
venturi j Main fuel valve position to control fuel flow into the carburetor 
mixture Dry side of diaphragm is vented to air inlet so pressure 
contro/ differentials across both fuel and air orifices will be the 

same. This allows relative orifice areas to set fuel-air 








Throttle 


plote 
ratio. Sleeves in mixture passages are spring loaded against 


the throttle plate to form effective seals. 











—— Secondary 


= — . 
venturi 
— Compensating 4 
he 
. 

















ai oir 








MAIN FUEL SYSTEM uses a secondary venturi to lift 
fuel from center of diaphragm to holes which admit com 
pensating air at main fuel orifice. This puts wet side of 
diaphragm under slight suction which tends to draw air 
into this chamber, through the idle orifice, when operat- 
ing on main fuel system. Placing idle orifice below fuel 
level prevents air from entering diaphragm chamber and 
altering fuel-air ratio of main system. A check valve pre 
Check valve Vents gasoline from running out through the main fuel 
orifice when the engine operates on its side, or inverted; 
this would flood the engine under idling conditions. Valve 
also prevents air entering the diaphragm chamber and 
affecting the idle system 





~ 


ae © Main fue/ 
oritice 
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Idle mixture 
screw meters 
IN IDLE POSITION, throttle plate blocks or entering 
idle mixture 
passage 


> 


off secondary venturi, and only admits idle 
fuel mixture and a small amount of air into 
the primary venturi through small slots. Con 
tours of slots in throttle plate are calibrated 
experimentally to give smooth transition from 
idle to power operation, with correct fuel-air 
ratio at all throttle settings 


IN FULL POWER POSITION, the idk 
passage is blocked off; a different slot admits 
a rich fuel-air mixture from the secondary 
venturi and a controlled quantity of air 
through the main air passage. ‘Throttle plate 
fits in space provided by hole in gasket b 
tween two castings 


v 


passage 


From 
corburetor 


cleaner closes to restrict passage 


fue/-air flow Idle 
fue/ 
To engine ve 


Mining > 


sa 


chamber ss 
IDLE POSITION 


Air Throttle plate \ \ Main air 


Throttle 


h 
Secondary — 


venturi 


Throttle plate 
openings provide 
“correct fuel-air 

mixture 


From 
cerburetor 


Moin air 
To engine passage 


Primary Casting 


venturi 
Mixing 


chamber To pump 
FULL POWER POSITION 


> 
FUEL PICKUP SYSTEM consists of felt pad which absorbs fuel from 
low level when tank is nearly empty, or from splash, which is a major 
factor with the engine vibrating at high speed. Fuel is drawn off wick 


through castings which are pressed against it by springs, and drawn 


into the pump. Pick off casting design needed adequate area for wick Felt pad wick 


to handle required liquid volume, and intimate contact between wick 
and castings tou make a capillary seal which prevents leakage of ai 
When liquid level is above point where fuel is drawn off wick, suction Fuel level 
only overcomes flow resistance; additional suction is required for lifting 

when liquid level is below pick off point. Castings had to be clamped 

with springs, rather than rivets; when riveted, tolerances on felt and 

castings squeezed felt until area was too small to pass liquid 
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PRODUCT DESIGNS 


Pick-up orm— 


Friction Drive Progress scole —~ Mognetic switch 


Toke -up 


Transports Tape | =,” 


In Dictating ra 


spool 


Machine | 


Tone =. 
control — Volume 
contro/ 


“ Speed and 
Standard magnetic tape is the recording function controls 


medium in a low-cost dictating machine 

made in West Germany by the Grundig Co. 

and marketed here by DeJur-Amsco Corp. TAPE IS LOOPED OVER CENTER OF SPOOLS and stops as cither end 
is reached, when high torque makes clutches slip. Although similar to a tape 

An inverted synchronous motor drives the recorder, unit is designed specifically for speech reproduction with good fre 

tape transport mechanism and, because it is We™°Y Tesponse from 100 to 4500 cps Tape records on one track, is 
non-reversible, and holds 30 minutes of dictation at normal recording speed 

small, is the key element in making the jl controls are at front of machine and are marked with functional symbols 

machine compact. Motor’s heavy rotor is numerals to avoid language barriers. Progress scale mounted over feed spool 


7) : is operated mechanically by a pickup arm which rides tape on the take-up 
the flywheel governor for friction disks and spool. This scale makes it possible to locate any point on the tape when 


slip clutches which control tape motion recording or transcribing. Push buttons on the machine or on remote-control 
accessories control all operating functions. Unit is 114 x 94 x 44, weighs 
about 11 Ib and uses 35 watts of ac power 


Rewind S/ow speed Take -up drive 
drive forward disk 
isk Orive disk 


Motor disk 


Motor cisk 


Fast speed 
forward drive 


FRICTION DISKS, which drive take-up spool and rewind feed spool, ride 
directly on the motor shaft. Recording drive has two stages of speed reduction Stor 
while one stage is used for rewinding; fast forward drive is obtained with a me ae 
one-stage reduction driven from disk on the motor shaft. In stop position, all eat 
drive disks are disengaged from motor. Take-up and rewind push buttons 

energize solenoids which shift friction disks into contact with motor. Take-up 

drive disk and motor have fixed axes; all other disks are positioned by 

solenoids. Backspacing on recording or playback is obtained with a relay, an 

interlock, and a condenser which times the sequence of motions initiated 

by depressing buttons on microphone. 
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Shot Peened Gears 


Increase ‘Lorque Rating of Transmission 


2nd and 3rd 
ett a Torque capacity of this five-speed 
aeeed abtteh pee Fraps heavy-duty truck transmission is 
| greater without an increase in size, 

and with a reduction in weight. 

Also, by synchronizing four of the 

five forward speeds, the unit is less 

subject to damage by inexperienced 

operators. Made by New Process 

Gear Corporation, Syracuse, N. Y., 

Giuneadiinns the transmission has die cast alumi- 
num synchronizing rings and uses a 

sliding idler gear to shift into re- 


verse. 








Torque path inreverse —> 


a 

INCREASED TORQUE CAPACITY 

with same tooth width is obtained by shot 

peening all gears. This also reduces gear 

noise by making a more easily lubricated 

surface finish. Sliding the idler gear (not 

shown) to shift into reverse shortens shafts 

as there is one less gear on the counter 

shaft. These factors helped to keep overall 

length of previous design while adding syn 

chronizing clutches for 2nd and 3rd for 

ward speeds. Four rails and forks are used 

for shifting. Synchronizing rings are alu- 

minum die castings with hardened blocking pins cast as inserts; on previous 
design, the pins were riveted to the ring. Weight is reduced from 210 to 
182 Ib by using aluminum in place of cast iron for the cover and the rear 
countershaft bearing retainer input geor 


> Conical nose 
PILOT ROLLER BEARINGS on main shaft are lubricated by 
slinging oil against a conical shaft nose which then pumps an 
even flow into the bearing. Flats ground on the main shaft carry 
oil under hubs of constant mesh gears which run directly on the 
shaft; old design used bronze bushings pressed into hubs. Shaft 
surface is chemically treated to produce an oil retaining porous 
surface for initial lubrication. In operation, shaft surface is splash 
lubricated by oil slung from overhanging edges of gears on 
countershaft; oil reaches shaft through slots in gear hubs. 








Roller bearing 
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PRODUCT DESIGNS 


Tractor Shovel Lifts Higher, 
Is Safer for Operator 


NEW DESIGN 


Lifting boom 


Lift cylinders 





Lights under 
shroud 


LIFTING BOOMS HAVE GOOSE-NECK CONTOUR to 
keep them in front of operator when bucket is raised. Operator's 
compartment has been moved back for equalized visibility in 
both directions, and to keep him away from material which 
might fall from bucket. Lowered front shroud also increases visi 
bility, and shields headlights from falling objects. Note inverted 
hydraulic the “U” 


boom with hydraulic connections at fixed pivot 


cylinders mounted on trunnions in shaped 
for short hose 


lengths. Cylinders are hidden by booms when bucket is lowered 


When the Frank G. Hough Co. of 
Libertyville, Ill., redesigned their line 
of tractor shovels, lifting booms were 
lengthened to raise bucket higher, and 
reshaped for greater safety. Improve- 
ments were not limited to functional 
mechanisms, but included product 
styling. Engineering and styling were 
directed within the company by Ralph 
Beyerstedt, Executive Vice President 
in charge of engineering. ‘Then, styling 
was finalized by industrial design firm 
of Jon Hauser. Machine is first of this 
kind selected for honors by Industrial 


Design Institute. 


< 


PRY-OUT PADS support vertical sections of lifting 
booms and transmit pivot forces directly to ground 
when bucket tilt cylinder 


virgin Linkage 


is used to loosen rocks or 
bucket to 
carrying position While at ground level to reduce spill 
ing, and to keep it level when lifting. A gas filled 
accumulator in hydraulic circuit af the lifting booms 
absorbs road shocks to help keep bucket level 


soil 1S designed to rotate 
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Hyroulic fluid 
reservoir 4 


Botteries RAISING SEAT in nithiie thes 
required 1 shroud t ir it into main body 
lines. Spa ind hi 1 is utilized f 
batterics and reservoir for hydraulic fluid 

which must sible yw tr rent 

pection. Housings 

miy hide the n 


pe irance 


800m pivot 
housing 


CONTROLS AND INSTRUMENTS are arranged to facili 
tate motion coordination and to utilize operators instincts 
Brakes can be operated with either foot. The left brake is 


sed when preparing to lift and dump, and puts the hydraulic 
tches of the automatic transmission in neutral so full 
speed hydraulic effort is available for lifting. The right brak« 
for road use when engine braking is desired, and does not 
disengage transmission. Operators seat has a curved back 
vhich supports the shoulders, and a seat which is adjustable 
tore and aft 


v 


A 
PRODUCT IDENTITY is estab 


lished by contours evolved from previ 
ous design, color scheme, and identif; 
ing structures. Heavy grill at rear, and 
raised grill on side panels blend int 
lines of machine and add interest t 
set off simple lines Payloader 
raised letters above rear grill and « 
side grills cannot be effaced if machin 
is repainted by mtractor. Buff an 
brown color scheme is distinctive, and 
is practical for ser n normal oper 


iting areca 
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PRODUCT DESIGNS 


Micrometer Counts Light Fringes 


Control box 


_ 


THREE SEPARATE UNITS form the micrometer; optical measuring head, a 

control box, and a bi-directional digital counter which displays the dimension of —Photo tube 
the part being measured. Fringecount indicated on digital display is multiplied 

by half-wave length of light source for conversion to standard units. One leg of 

interferometer is formed by the light path to a reflecting prism on the movable 

measuring spindle; spindle is mounted on a carriage positioned with simple 

electrical controls. Counterbalancing the carriage reduces torque requirements, so 

carriage is driven by a shaded pole motor. Motor and other heat producing Light source 
components are in top section of measuring unit to reduce effect on stability of (Krypton tube) 
optical system. Micrometer must be in thermal equilibrium with surroundings ' 
before measurements are made. Spindle is operated with a reversing switch on a 

small control box which also has a button for zeroing the counter. Before making 

a series of measurements, spindle is positioned against anvil and counter is set Collimating 
at zero. Successive measurements of various size parts within range of microm- 

eter can then be made as reversible counter senses direction of spindle motion 

and always indicates position relative to established zero. 


Prism “Dividing 
reflector 7 


> 


LIGHT FROM THE SOURCE is passed through a beam splitting element 

to form separate beams for the reference and measuring legs of the inter- 

ferometer. Both legs have corner prisms to reflect the light to a second beam 

splitting element where interference fringes are formed. The combined beam is 

then directed to photo tubes where fringes are counted when the measuring § sp/itter— 

spindle moves. Coated half of first beam splitter produces a phase shift in part 

of the beam directed to measuring head. Fringes formed by this beam section or 
are out of phase and are sensed by a different photo tube from fringes formed __ deviation 
by the non-retarded beam section. Phase-shift displacement of the fringes is reflector ~ prism 
sensed by a special arrangement of electronic counting tubes to synchronize 

count-direction with motion of measuring spindle. 


Product Engineering — January, 1957 





A dual interferometer is combined with a bi- 
directional digital counter to make an instrument 
for direct measurements accurate to one-tenth of 
a light fringe under controlled conditions. A 
phase shift in the fringe pattern indicates direc- 
tion of spindle motion so counter always reads 
spindle position. Called the Fringecount Mi- 
Link 


crometer, it is made by Aviation, Inc., 


Binghamton, N. Y. 





Corriage 
drive motor 
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METAL REEDS SUPPORT MEASURING SPINDLE which 
is counterbalanced to preset the measuring force. When carriage 
brings spindle in contact with workpiece, spindle is lifted off 
lower contact to stop drive motor. User can preset measuring 
forces of 1, 4, 8 or 16 oz to meet his requirements by changing 
counterweights, which also are supported on a reed pivot to 
avoid friction errors. Designers first considered using a non 
contact probe method to avoid errors from deflection of probe 
and workpiece. Problems encountered in designing accurate posi 
tioning, follow-up, and sensing systems were complicated, and 
mechanical contact system was finally selected fi simplicity and 
low cost. Light measuring forces avoid the deflection problem, 
and friction in slow speed drive stops carriage within required 
limits for repeat readings 
ways which are precision required for a good 
machine tool. Alignment of ways and spindle must be good 
but are not critical; reflecting prism overcomes the alignment 
problems of plane mirror elements by keeping reflected and inci 
dent light paths parallel 


Carriage is spring loaded against 
ground to 


< 


PHOTOTUBE SIGNALS are dc amplified and applied 
to plates of a 2 in. dia cathode ray tube where a dot is 
displayed which moves in a circle as the measuring spindle 
moves up and down. Dividing the circle into 10 segments 
forms a vernier readout as | revolution of the dot repre 
sents a count of 1 fringe. Count direction is synchronized 
with spindle motion by applying phase-shifted signals to 
electrodes of glow transfer counting tubes, which are so 
interconnected that the time sequence of potentials deter 
mines direction of counting. This circuit also prevents 
backlash in the digital indication. Dc coupling gives coun- 
ter ability to count in either direction at speeds from zero 
to the maximum rate 
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PRODUCT DESIGNS 


Orbital Motion Mechanism . 
Drives Saw Blade for the cutting stroke and is backed 


away for the return stroke in a port- 
able electric jigsaw made by Porter- 
Cable Machine Co., Syracuse, N. Y. 
This action reduces effect of heat on 
saw blades and also makes the blade 


Worm ond 
gear drive cut faster. Extensive use of powder 


metal parts in blade actuating mech- 
anism lowers its cost and makes the 


design feasible. 


BLADE ACTUATING MECHANISM is driven through worm 
and gear by motor in rear of cast aluminum housing, and orbital 
motion is obtained by the combined action of a cam and an 
eccentric pin. Cam causes a drive block to oscillate in the 
horizontal plane, while the pin drives a crank which imparts 
vertical harmonic motion to the blade holder. As crosshead cat 
ries slide in which blade holder moves, resultant blade motion is 
an ellipse with a very small minor axis. Counterweights are built 
into the worm gear to balance inertia forces of reciprocating parts 


« 
POWDER METAL PARTS are used in 5 places in 
Biade holder saddle hI] 
Cover blade actuating mechanism to obtain close tolerances 


Saddle guide 
Drive block ° at low cost and good bearing characteristics. Powdered 


iron is used for the blade holder saddle which is steam 
treated for high surface density. This increases wear 
nd corrosion resistance, but retains sufficient porosity 
to hold oil for lubrication. Saddle guide is maximum 
density powdered iron which is heat treated for high 
vear resistance. Oil impregnated bronze is used for th 


aad drive block and the mechanism retainers as these part 
are not lubricated; it is used also for the blade holder 
cover which is a bearing surface for the steel blade 
holder 
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High Speed Cam Drives Indexing Table 


indexing dial 


A concave barrel cam with pre- 
determined acceleration charac- 
teristics is used by Ferguson Ma- 
chine Corp., St. Louis, Mo., to 


position their indexing tables at 


Drive 


rates up to 1000 indexes per min- housing 


ute. Cam and follower design 
prevent backlash and lock table 


in dwell position. 





< 


MODIFIED PRAPEZOIDAI ACCELERA 
TION characteristic has zero initial force with a 
sinusoidal rise to a relatively low ! | 
Change from acceleration to de 

soidal to prevent impact and vibr: 


has one or more tapered ribs, depending on num 





er of stops required per revolution l'apering 
am ribs makes it possible to use standard precision 
ball bearings for followers, and to preload th« 
bearings to remove backlash by decreasing distance 
between shafts of cam and follower. Ril 

ire generated on a special milling 


ire always in contact with ller In dwel 


Sine curve 


position, followers are locked in place by straight 


portion of cam rib. Portions of cycle time used 
for dwell and motion are set independently fr 


number of stops per re tion of tl 


Sine curve 


3 stop genevo 


Motion cycle time 
4 stop geneva 
a 


PEAK ACCELERATION VALUE is much lower than 


that of 3 and 4 position geneva drives. Also, change from 


Relative occeleration 


positive to negative acceleration is less rapid with mn 

ibrupt change at start and end of motion. Cam driv 

overcomes speed limitations of ratchet and geneva index 

ing devices by keeping dynamic forces low. Lack of vibra 

tion in cam driven table reduces wear and allows indexing ' 

tolerances of 0.0015 in. to be obtained on a 36 in. dia ) 0.1 0.2 0.3 
table, with the cam operating at speeds up to 300 rpm Fraction of indexing cycle 
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PRODUCT DESIGNS 


High pressure oil is forced through pockets on a conical 


surface to make a combination journal and thrust bearing 


Hydrostatic Bearing 


which develops large restoring forces at high speeds. Used 


S Th on a grinding head made by Reilly Engineering Ltd., Guild- 
upports rust ford, Surrey, England, this hydrostatic bearing keeps spindle 


: deflections within 25 micro in. when making heavy cuts. To 
and Radial Loads 


avoid spindle vibration, driving torque is obtained from 


hydraulic jets which impinge on turbine buckets in spindle. 


POCKETS ON BEARING SURFACE ride on 
conical journals at each end of the spindle with 
total axial clearance of 0.001 in. Lips on pockets 
are about 0.015 in. wide and are lapped to mate 
with the journal surface. Oil enters each pocket 
through a high pressure jet and escapes through 
the orifice formed by clearance between lip and 
journal. A gage connection in one pocket indicates 
pressure variations caused by spindle deflections. 
Pressure in pockets varies with ratio of supply jet 
and exhaust orifice areas and is the same in each 
pocket when the unit is running without load. 
When the spindle is deflected, variations in lip 
clearance change oil pressure in the pockets to 
develop a restoring force. Oil is supplied to jets 
at pressures between 1500 and 3000 psig and 
normally held at half the supply pressure in the 
pockets. Higher pocket pressures are used to 
obtain greater restoring forces in applications where 
spindle rigidity is critical. 


High pressure jer 


} 
high pressure Gage 
momntold connect 


SPINDLE IS DRIVEN at speeds up to 120,000 
in integral hydraulic turbine wheel; side 
S ivoided by using tw diametrically opposed 
jets. Turbine drive and hydrostatic bearings prevent 
spindle vibrations as there is no mechanical con 
nection to external disturbances. Collection of ex 
haust fluid from turbine and bearings was a major 
development problem as spindle diameter had to be 
small for interchangeability with existing units. Solu 
tion was to use excess kinetic energy of fluid and 
tear-drop shape of pockets to pump oil to discharge 
port. Oil filtration is critical factor which deter 
mines life of spindle. As running parts do not 
touch, life is indefinite unless filter failure clogs 
jets or damages lips on pockets. Special inter 
changeable quills have been designed to hold un 
balance runout to 0.6001 in 


Spindle Bearing 
Quill 
| Grinding whee/ ‘ 


Conical journals 


Pressure gage 


=- 
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Aluminum alloy spacer. 


Aluminum alloy 
ring 


Flexible 
stee/ disk 


Lightweight Coupling and Flexible 
Rod Reduce Rotor Vibration 














Beorings—~_ 


“Flexible rod 


“~ Coupling 





Threaded shaft connections and aluminum alloy parts 
reduce size and weight of flexible coupling designed by 
engineers at York Corp. to drive their centrifugal com- 
pressors. Connecting coupling to compressor shaft with 
a flexible rod reduces transmission of torque pulsations 


and prevents local fatigue failures in the rotor. 











HIGH FREQUENCY PULSATIONS from minor 
imperfections in gears of speed increaser cause 
local resonant vibrations in the rotor 
ures are prevented by using the flexible rod to 
reduce amplitude of pulsations transmitted to rotor; 
rod diameter is small as it does not support weight 
of coupling. Coupling is made by clamping edges 


of flexible steel disks between aluminum rings and 


Fatigue fail 


spacer. Threaded connections use no keys; hubs can 
be small and light. Hub and disk are machined 
from bar stock. See December 1956, page 154 





Saw carriage travels on a cross beam 
above the ingot in an automatic hy- 
draulic saw, made by Loma Machine 
Manufacturing Co., Inc., to keep chips 
and cutting fluid out of the drive 
mechanism. 


Bonding cast iron cylinder sleeves 
to a cast aluminum engine crankcase 
reduced distortion in the sleeves 
which only became noticeable after 
several hundred hours operation. 
D. W. Onan & Sons, Inc., Minne- 
apolis, Minn., who make the engines, 
found heat treating the casting prior 
to engine operation did not help. 


Tail lights of the Studebaker half-ton 
pick-up are held in position by springs. 
They deflect forward on pivots, when 
backed into an obstruction, and avoid 
damage. 


Rapid-indexing controls and exten- 
sive spindle motion on the new Lahr 
deep hole drilling machine make lay- 
out and drill jigs unnecessary. 


Tunnels cast in the column of a 
rotary gear shaving machine make 
space for flush mounted push button 
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control panels. Made by National 
Broach and Machine Co., Detroit, 
Mich., the unit also has a separate 
cutter drive gear box in top of the 
column. 


Adjustable uniform rates of acceler- 
ation and deceleration, and a 30 to 1 
regulated speed range are in a static 
speed regulating control system devel- 
oped by General Electric Co. for sec- 
tional paper machines 


To avoid forming chain cherds on 
finished work pieces, a timing belt is 
used to drive the reciprocating table 
of a precision surface grinder made by 
Reid Brothers Co., Inc., Beverly, 
Mass. 


Magnesium extrusions form the 
frame-work of a truck body made by 
Metropolitan Body Co., Bridgeport, 
Conn. 


Die cast brush backs for the agi- 
tators of upright electric cleaners, 
made by the Hoover Co. of North 
Canton, Ohio, are cold formed to a 
helical contour after the bristles are 
anchored in cored holes. 


Brakes of new Hyster Co. lift trucks 
are self energizing in both directions. 


Ductile iron dies are used to draw 
and form stainless steel sheets without 
damaging the finish at Norris Dis 
pensers Inc. of Minneapolis, Minn. 


By measuring the depth of penetra- 
tion of a tapered needle-like contact, 
Federal Products Corp., Providence, 
R. L., gages jewel bearings too smal] for 
an ordinary gaging contact. 


Point opening is adjusted while the 
engine is running in an inverted de 
sign distributor used on 1957 GMC 
trucks. 


Transmission gears are tested for 
excess noise at various speeds auto- 
matically, in a machine made by 
Michigan Tool Co., Detroit, Mich. 
Multiple-gear clusters can be tested. 


Nylon bearing inserts are molded 
in phenolic plastic housings for the 
ice making mechanism of the Servel 
automatic ice server. The thermo- 
plastic insert was molded in the ther- 
mosetting material by hicago Molded 
Products Corp. 
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rooves for Retaining 


¢ Assemblies 


Function of the groove in various kinds of ring applications; 


relation of the retained part to the groove; how to cut grooves 


properly. Common faults in groove cutting, what effect improper 


grooving has on the assembly and how the assembly may be salvaged. 


HUGO WURZEL 


Chief Design Engineer, Truarc Div., Waldes Kohinoor, Inc. 


RETAINING RINGS used to secure machine components in 
housings and bores generally are seated in grooves which 
lock the rings in position and provide the assembly with 
a calculated thrust load capacity. Because the groove 
is a vital part of the fastening system, the importance 
of proper groove location and cutting cannot be ove 
emphasized. 

[he function and characteristics of retaining ring 
grooves differ according to ring types. The groove 
suggested for standard and inverted rings is illustrated 
in Fig. 1. It is rectangular in cross section and should 
be cut so that the walls are at 90 deg with the axis of 
the shaft. In a typical assembly thrust loads are trans- 
mitted from the retained part to the ring and, in turn. 
from the ring to the groove wall. As a consequence, 
the strength of the groove material and the amount of 
contact area between ring and groove wall determine to 
a large degree the assembly's thrust capacity. 


Grooves for beveled rings, shown in Fig. 2, have a 


Fig. 1—Standard groove and 
assembly for an internal retain- 
ing ring. Groove walls should 
be in a plane perpendicular to 
the shaft axis. 


Fig.2 








Fig. 2—Beveled retaining ring 
is used to take up end play 
caused by manufacturing toler- 


The standai: 
In some cases, however, where 


beveied wall matching the bevel of the ring. 
bevel angle is 15 deg. 
friction between the ring and groove wall is reduced, as 
would happen when oil is used, the angle is reduced 
The beveling 
works in conjunction with the ring’s spring properties, 
permitting internal rings used in housings and bores to 
expand in the groove and external rings, used over shafts 
to contract in the groove. This expansion or contraction 
brings the ring into close contact with the retained part. 
automatically compensating for accumulated tolerances 
and variations in manufacture, and providing a mgid 
assembly free of end-play. Once again, maximum contact 
area and groove strength are 
performance. 


to remain within the angle of repose. 


essential for optimum 

Bowed rings require grooves similar to those used with 
standard and types. The groove generally is 
cut wider, however, as illustrated in Fig. 3, to permit 
the ring to have a maximum of resilient end-play take-up. 
The groove must be wide enough to accommodate the 
bow height of the ring within its take-up capacity. 

For optimum ring performance, the abutting face of 
the retained part should be straight and have sharp 


inverted 


YY Fig. 3—Boxed ring groove 
is somewhat wider than 
the equivalent standard 


ring to free the ring for 
end play flexure. 











VA, 





ances. Ring expands along the 


15 deg slope until wedged. 


Fig.3 
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then will be transmitted as close as 
possible to the groove wall, using the full thickness of 
the ring to resist shearing and provide maximum uniform 
compression loading for the groove wall. 

If the abutting face is curved and the resultant of thc 
forces is transmitted from the machine part to the ring at 
a distance from the groove corners the ring will tend 
to dish under the forces and the groove wall will not be 
loaded uniformly Ihe result will be a reduction of 
the ultimate thrust capacity. A similar situation exists 
where the abutting face has corner radii or chamfers. 

For straight rings the groove must be straight and 
should have sharp corners at the top. 


corners. Loads 


Corner radii at 
the bottom of the groove are recommended within limits 
to facilitate groove cutting and reduce stress concentra 
tions. Grooves that are to be loaded unidirectionally 
increased groove widths but the location of 
the loaded groove wall should be calculated carefully to 
obtain minimum clearance between the ring and the face 
of the retained part. If cycle loading is present both 
groove walls must be located accurately. 


may have 


For beveled rings accurate groove location is mandatory 
to obtain the desired rigid assembly free of end-play. 


Materials 


Since the strength of a ring assembly depends not onh 
on the ring but on the strength of the material in which 
the grooves are cut, it is of prime importance to selec! 
the proper material for the required loading conditions 

l'o determine the strength of the groove wall a numbe 
of factors must be considered: the shaft or bore diameter, 


the depth of the groove, the compression strength of 


the material in which the groove is to 


safety factor determined by the designer. 


be cut and 

Formulas for groove wall strength ‘with various ring 
tvpes are generally available the manufacturers 
lor standard rings having full contact with the groove 
wall groove strength may be calculated as follows 


from 


x SdY 


I 


P 


where 
P = allowable compression load (Ibs 
S = housing or shaft diameter (in. 
d = groove depth (in.) 
Y = ultimate compression strength (psi) of groove 
F = factor of safety 


If the 


materials 


allowable compression strength calculated by 





coe olson oe 


A / 
CLL 

















Fig. 4—Increased ring thickness 
reduces ring deflection under 
heavy thrust and provides more 
even distribution of load on 


groove wall. too far out. 
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Fig. 5—Two standard rings in 
a widened groove increase thrust 
bearing capacity and take up 
clearance if groove has been cut 


the formula is lower than the thrust capacity required 
for the the groove soft and 
should be replaced with another material having a highe 
compression strength 


assembly, material is too 


If this cannot be done and there is danger the groove 
will be overloaded, it is sometimes possible to save the 
machine part by cyanide or other methods of surface 
hardening which will strengthen the groove wall. If the 
ring properties permit, it may be possible to deepen th 
groove so as to increase the contact area of the loaded 
groove wall. 

Another 
ring of increased thickness to reduce the amount of mng 
deflection and maintain a uniform load on the 
groove wall as shown in Fig. 4. If a thicker 
unavailable two rings of the standard thickness sometimes 
mav be installed, as shown in Fig. 5 


solution is to widen the groove and use a 
more 


ring 1s 


Hardness required for the groove material sometimes 
poses a problem in assemblies where limited space condi 
tions make it impossible to increase the dimensions of 
the parts. Installations involving axles and transmission 


housings are typical examples. In such cases any stress 
concentrations in fillets or grooves may lead to brittleness 
and fracturing. 


discarded and replaced by others whose tensile strength 


Where this happens the parts must be 


will withstand the loading requirements 

In some cases it may be possible to widen and deepen 
the groove and increase corner radii to relieve stress con 
Fig. 6A. Before this is 


however, the ring installation should be analyzed to mak« 


centrations, as shown in done 
certain the necessary load capacities will be maintained 

When the groove material is too hard, relief notch 
mav be added on each side of the groove to soften sharp 
[his is illustrated in Fig. 6B 
Notches m2y be used either in shafts or bores 


stress concentration lines. 


Groove Dimensions 


In all 
should correspond to those suggested by the manufacturer 
and checked 
of the individual assembly 


retaining ring installations, groove dimensions 


against the loading conditions 
Che 
specified clearly in the part drawings to provide the shop 
with 


should be 
dimensions should be 
an accurate cutting guide 

Differences between blueprint specifications and the 
groove actually cut in the part often may be corrected 


inexpensively so that the parts may be salvaged and 


Fig. 6—It is sometimes possible to relieve stress concen- 
trations in grooves cut in materials that are too hard by 
widening and deepening the groove and adding large 
corner radii, as shown at (A). Relief notches (B) also 
may be used to soften stress concentration lines 














Fig. 7—By wiring the lugs together 
an overloaded external ring (A) is re- 
inforced in its thrust bearing capacity. 
An overloaded internal ring (B) is 
reinforced by filling the space between 
lugs with a shaped stop. These meth- 
ods tend to hold the ring in its groove 
despite heavy thrusts. 


satisfactory assembly achieved. Common faults in groove 
cutting are listed below with suggestions for salvaging 
the installation. 


Groove diameter too small. For external type rings 
used over shafts the groove is too deep with the result 
that the ring is seated loosely in the groove. If the 
increase in groove depth is relatively small and a certain 
degree of chatter is acceptable, the ring installation may 
not be harmful to the assembly. If the groove is so deep 
that it prevents the ring from functioning properly, then 
remedial measures must be taken. 

In many cases the parts may be salvaged by substituting 
another ring type. For example, a standard external 
type for a 1 in. shaft often may be replaced by the next 
smaller size of the inverted external type. The inverted 
ring’s lugs provide the ring with an increased neutral 
diameter which increases the fastener’s spring properties, 
causing it to fit tightly in the recess in many applications 
where a standard ring would be too loose. 

For the same standard ring it is sometimes possible 
to substitute an interlocking or crescent ring. In both 
cases ring configuration, made possible by radial assembly, 
permits the ring to grip tightly in the deeper groove. 

The ring manufacturer should be consulted before anv 
ring substitutions are made, however, to make certain 
the installation will still have the necessary loading 
capacity. 

With internal type rings, used in bores and housings, 
if the groove diameter is too small the groove is too 
shallow, with the result that load capacity is reduced. 
In some assemblies this may be acceptable so that no 
change is necessary. 

If the load capacity is insufficient, however, then the 
groove must be made deeper—an operation that may be 
performed easily in most cases. If for some reason it 
is impossible to deepen the groove, surface hardening 
of the groove wall is recommended to increase the 
strength. 


Groove diameter too large:. An external ring groove 
will be too shallow and should be deepened or surface 
hardened in the same manner as a shallow groove for 
an internal ring. 

For an internal ring where the groove diameter is too 
large the groove will be too deep and the ring will be 
seated loosely. Where this is not acceptable the substitu- 
tion of a recently available internal ring is recommended. 
This series has a larger free diameter after installation than 
the standard series and will provide, within limits a tighter 
fit in deeper groves. 


Groove too narrow. When this happens the ring can- 
not be assembled in the groove. The simplest solution 
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is to widen the groove to the proper dimension. If tor 
some reason this cannot be done it is often possible to 
secure rings made of a thinner gauge metal. ‘Thinner 
rings, however, have a reduced thrust load capacity which 
must be considered in relation to the application. 

If the groove cannot be widened and the thrust capacity 
of the thinner ring is insufficient for the application. it 
may be possible to lock the thinner ring in place. In the 
case of an external type, this may be accomplished by 
wiring the lugs together as shown in (A) of Fig. 
Internal rings may be locked by inserting a screw or othe: 
type of stop between the lugs, as illustrated in (B). In 
both cases, surface hardening of the groove wall may 
also be helpful. 

Groove too wide. This generally is not critical if the 
loaded groove wall is located properly. In some ring 
applications, however, (reverse loading is one example) 
the ring would have too much play. One solution is 
to install a shim washer to reduce the clearance between 
ring and machine part. Another would be to use a thicker 
ring which would be available in most sizes. It should be 
noted that certain types, such as the interlocking ring, 
work only in grooves of the proper width. 


Groove not concentric with bore or shaft diameter. 
When this happens the groove is too deep on one side, 
too shallow on the other. The result is an unbalanced 
loading condition which may or may not be acceptable for 
the installation. Where the load capacity is insufficient, it 
is sometimes possible to use a thicker ring to increase 
the strength of the assembly. 


Loaded groove wall not located properly in relation to 
face of retained part. In the case of straight rings, if 
the groove is located too far from the machine part there 
will be excessive end play. If the groove cannot be 
re-cut, shim washers may be used to reduce the clearance. 
Another solution is to widen the groove and use a bowed 
ring to take up the end play. 


Fig. 8—Improper lo- 
cation of the loaded 
wall in a beveled ring 
assembly will take up 
the play but at a con- 
siderably reduced load 
bearing capacity. 
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If the groove is too close to the machine part, it will 
be impossible to install the ring unless a thinner ring 
is used. If the thinner ring is sufficiently strong for the 
application but the groove is not, the groove may be 
strengthened by means of surface hardening. 

Problems of groove location for bowed rings are similar 
to those encountered with straight rings. Location is 
more critical, however, since free end-play must be elimi 
nated. Where the groove is too close to the machine 
part a thinner ring once again offers a possible solution. 

When using beveled rings, the beveled groove wall 
must be located properly in relation to the retained part 
and calculated so that the ring will be seated at a point 
between the middle of the groove and the groove bottom. 
When the ring is seated in this manner end-play is taken 
up rigidly and the assembly will withstand loads to pre- 
calculated conditions. 

If the outer groove wall is too close the ring will not 
seat deeply enough in the groove (Fig. 8) and will not 
take the precalculated load. Where this happens it is 
sometimes possible to use a thinner ring with a smaller 
beveled edge. 

If the outer groove wall for a beveled ring is too far 
from the machine part, the assembly will be loose, pro 
viding chatter, impact and other unsafe loading conditions. 
hicker rings or shim washers offer a possible solution. 


Incorrect angle for loaded groove wall. The loaded 
groove wall for straight rings should be cut at a right 
angle to the axis of the shaft or bore. If the angle is 
less than 90 deg, as shown in Fig. 9 (A), the comer 
of the groove will be overloaded and may break. Whether 
or not such a groove is acceptable depends upon the load 
ing conditions. In most cases it should be possible to 
rework the groove to correct the angle. 

If the angle is greater than 90 deg the ring may dish 
and slip out of the groove. Whether or not the groove 
is acceptable depends upon how much over 90 deg the 
angle of the load-carrying groove wall is. If the angle 
does not exceed a right angle by more than 15 deg th« 
groove wall may be acceptable in many installations. If 
the angle exceeds this 15 deg variation, as shown in 
Fig. 9 (B), the load capacity will be reduced to a point 
which, in most installations, will be insufficient. Where 
this happens the part must be reworked or replaced. 


Large corner radii. Sharp or nearly sharp corners at 
the bottom of the groove are desirable for most retaining 
ring assemblies provided they do not cause excessive 
stress concentrations in the machine part in which the 
groove is cut. In cases where corner radii are necessary, 
the ring manufacturer should specify the maximum radii 
allowable. 

When recommended radii are exceeded, groove depth 
is reduced as shown in (A) of Fig. 10 and the strength 
of the assembly decreased. If the reduced load capacity 
is insufficient for the application, thicker rings sometimes 
may be used or the groove may be surface hardened. 


Rounded upper corners. Upper groove corners should 
be as sharp as possible. If the loaded groove wall is 
chamfered, has a large radius or is damaged or broken 
away, bearing area is reduced and the assembly weakened 
as shown at (B) of Fig. 10. If the reduced load capacity 
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Fig. 9—Loaded groove walls should not be accepted if 
their slope is more than 15 deg from perpendicular. At (A) 
the groove corner will be overloaded and may break out. 
At (B) the retaining ring will dish. 


le Too small 





Too smol/ 





(A) 


(B) 


Fig. 10—Extra large bottom radii or chamfered top corners 
reduce groove wall area for bearing thrust loads. 





_ Assembly 
not possible 
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Fig. 11—Metal flow near the groove will 
interfere with proper assembly of mating parts. 


is unacceptable, it may be possible to use a heavier ring, 
harden the groove wall or deepen the groove to the 
dimensions of the ring’s free diameter. It should be noted 
that the unloaded groove wall may be chamfered if that 
is desirable for assembly purposes, as for example, where 
rubber O-rings are to be installed. 


Loose burrs or splinters. These should be eliminated 
before the ring is installed by means of reaming, lapping, 
tumbling, etc. If they are not removed they may make 
it difficult for the ring to be seated or cause damage to 
sensitive parts. 

Excessive metal flow around upper groove corners. ‘I his 
will cause distortion to the bore or shaft diameter as 
shown in Fig. 11. It may prevent the ring from being 
assembled or make it impossible to assemble mating parts. 
If the excess metal cannot be removed the parts should 
be reworked or replaced. 
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A) Solid rod transducer. Low efficiency 
may be improved by laminating bor 














Vv Vw we 
am al 
2 
(B) Slotted laminated stock transducer. 
Equal coils connected to form a low- 
leakage flux poth. 


= l _ 





(C) Cylindrical ring transducer. Winding 
yoke provides circumstantial flux. 
Vibration is radial. 


Fig. 1—Three basic transducers 


Magnetostriction : A New 


MAGNETOSTRICTION is the change in 


dimension which certain ferromag 


netic materials undergo when placed 
in a magnetic field. It is a reversible 
process; a change in 


when the 


magnetization 
occurs dimensions of a 
magnetostrictive material are changed 
by an external force 

Most magneto 
striction are based on the Joule effect 

the change in length with mag- 
netization. lable I 
three other related phenomena usefu! 
for other applications. The Joule 
effect is generally accepted as the most 
important and useful because it is 


devices utilizing 


However, shows 
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the largest in magnitude. This effect 
provides the design engineer with an 
other method of generating a forc 
or displacement, or both, with mag 
nitude and frequency controllabie 
within wide limits. Where displace 
ment is the basis of design, for ex 
ample, the motion can be a periodic 
pulse or it 
quency, 
World War II stimulated the prac 
tical applications of magnetostriction 
Sonar and related devices for detect 
ing submarines and ships by pulse 
generation and reflection are perhaps 
the best known of these uses. Such 


can occur at high fre 


successful applications have stimulated 
industrial interest in the phenomenon 
Recent developments range from feed 
mechanisms for machine tools to a 
new method of welding based on a 


concentration of 


energy supplied via 
magnetostriction 
(he magnetrostrictive 


transducer 


device Ol 


can be made in several 
forms depending upon the applica 
Some of the 
types and their characteristics are given 
in Fig. 1. Of these, the simplest type 
is a rod (A) of a highly magnetostric 
tive material such as 


by a solenoid winding 


tion. more common 


nickel, excited 
However, this 
195 
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A type of magnetostrictive, permanently magnetized, free 
flooding, corrosion resistant transducer which finds many 
applications in sonic and ultrasonic industrial processes. 


Table I—Four Magnetostriction Effects 





Joule Effect 





Villari Effect 


Wertheim Effect 


Wiedemann Effect 


A change in length of a ferro 
magnetic material along the axis of 
the applied magnetic field, when 


the strength of this field is changed. 


Magnetization of a ferromagnetic 
material is changed upon the appli 
cation of stress to the material. 


If a wire is placed in a longitudinal 
magnetic field and twisted, there is 
a transient voltage difference be 


tween the ends of the wire 


Twist or torsional ctress will be 
produced in a wire placed in a 
longitudinal magnetic field and cur 


rent passed through the wire 





This little known method of converting electrical to mechanical energy generates 


large static forces or small displacements—at frequencies from zero to ultrasonic. 


Applications already cover many fields, from soldering and welding to oil well 


drilling. Materials, performance characteristics, design factors and applications. 


Design OS ——— 


form is limited to low frequency ap 


| 
plications if high efficiency is sought 
he laminated stack type (B), though 
somewhat more complex in construc 
tion, has lower eddy current losses 
and other advantages. In some in 
stances, it may be possible to further 
simplify and improve a design by 
having a structural element serve as 


the core. 


General Characteristics 
Compared with other methods of 
converting electrical to mechanical 
energy, the magnetostriction trans 
ducer has several advantages 
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1. Ability to drive high impedance 
loads, such as liquids and solids 

2. Durable construction, similar to 
Not likely 


gel by periodic overloads, loss of 


a transformer. to be dam 
cooling, or neutron irradiation 

3. Operates efficiently under difh 
cult 


is high temperature, moist or corro 


environmental conditions, such 


SIVE itmospheres, dirt, water imme! 
sion, and large hydrostatic pressures 
4+. Adaptable to wide range of sizes 
and power ratings. 
5. Efficient operation in a 
quency range (5 to 100 kc) 
ther transducers are relatively inefh 


tre- 
where 


EDMUND M. WISE, Ph. D. 


Assistant to Vice President 


International Nickel Company, Inc 


cient or dificult to construct 
fiexibility. In 
to different core shapes, windings ma‘ 


be selected to use a 


6. Design addition 


wide variety of 
May be 


casily mounted on metal parts 


current or voltage levels. 


Performance 


actors that determine the magni 
tude of the force generated by a mag 
netostriction transducer, and the am 
plitude and frequency of the displace 
ments, include: core material, service 
strain, losses 
and configuration of the transducer. 


temperature, dynamic 
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MATERIALS. Metals which ex- 
hibit magnetostrictive effects of prac- 
tical proportions include nickel, co- 
balt, and certain alloys of these metals. 
Nickel exhibits one of the largest 
magnetostrictive length changes, about 
30 parts in one million for a non- 
restrained body magnetized to satura- 
tion. Thus, a nickel rod one foot 
long would decrease in length 0.00036 
in. Constrained at both ends, this 
bar would develop a static stress of 
about 1000 psi. 

Comparative data for the magni- 
ture and sign of longitudinal changes 
in nickel, iron and cobalt are given 
in Fig. 2. Iron expands in a low 


strength magnetic field and contracts 


in a high strength field, limiting its 
usefulness in many magnetostriction 
applications. Nickel contracts under 
all conditions as does annealed cobalt, 
although the effect is small with co 
balt. The behavior of cast cobalt is 
somewhat questionable. 

Considering all factors, pure nickel 
and the nickel-iron alloys are among 
the most useful of all magnetostric- 
tion materials. Although iron shows 
both positive and negative changes in 
length, the addition of a few per cent 
nickel results in positive changes for 
all field strengths. More important, 
as shown in Fig. 3, the peak of the 
positive magnetostriction occurs at 
about 45 per cent nickel. This peak 


“Bias, excited at 
resonant frequency 


100 


No bias, excited ot half 
resonont frequency 


10,000 


Relative power, input 


Fig. 2 (above) — Magneto- 
strictive change in length 
per unit length of three 
metals in magnetic fields of 
varying intensity. 


™ 
° 


° 


Fig. 3 (right) — Magneto- 
striction effect in nickel-iron 
alloy system. Note peak 
change in length at about 
45 per cent nickel. 


Magnetostriction, AL/L x10® 


40 


value compares favorably with that of 
pure nickel when this factor alone is 
considered. The 63 per cent nickel 
alloy is the most strain sensitive, that 
is, has the greatest change in mag 
netization for a given change in stress. 

At about 30 per cent nickel, longi 
tudinal magnetostriction drops to 
zero (this composition is also non 
magnetic at room temperature). At 
81 per cent nickel, the curve again 
passes through zero and at higher 
nickel contents the changes in length 
are negative, reaching a peak value 
at pure nickel. This, combined with 
the inherent corrosion resistance and 
substantial fatigue strength, have re- 
sulted in the use of pure nickel in 
most of the applications to date. 
Where fatigue strength must be fur 
ther increased, Dura-nickel or one 
of the cobalt-iron alloys should bc 
considered. 

Volume changes have a different 
relationship to composition than the 
longitudinal changes referred to in 
Figs. 2 and 3. The change in volume 
is a maximum in alloys containing 
about 36 per cent nickel. Invar, for 
example, derives its low thermal ex- 
pansion from this effect: loss in mag- 
netization with increasing tempera- 
ture alters the magnetostrictive effect 
and thus nearly neutralizes the ther- 
mal expansion. 

Since magnetic and magnetostric- 
tive properties of a metal will be af 
fected by changes in its internal struc- 
ture, it may be necessary to specify 
heat-treatment procedures. In the case 
of nickel, a soft anneal generally gives 
best magnetic properties, but the soft 


60 


Nickel Content, per cent 
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metal is difficult to punch for lami 
nated construction. Quarter-hard ma- 
terial is preferred for punching and 
the punched parts are annealed 
subsequently. An anneal may be speci- 
fied to develop maximum magneto 
strictive properties; however, anneal 
ing reduces strength and a balance 
may be necessary between acceptable 
magnetic and mechanical properties 


TEMPERATURE. As oper- 
ating temperature ferro- 
magnetic alloys lose their magnetism, 
and thus their magnetostrictive 
properties. At the “Curie” tempera 
ture, these properties are zero for all 
practical purposes. Thus, for ele 
vated temperature service, a material 
with a high Curie point must be 
used. Data for the effect of tempera 
ture on the magnetostrictive effect 
for nickel are given in Fig. 4. Curves 
for other ferromagnetic metals have 
the same general shape, with 50 Ni-50 
Fe remaining magnetic up to 520 C, 
and cobalt to about 1130 C. Asa re 
sult, Co-Ni or Co-Fe alloys are gen- 
erally used in elevated temperature 
applications. 


the 
increases, 


LOSSES. Mechanical and mag 
netic hysteresis losses and eddy current 
losses often determine the permissible 
operating level of a magnetostrictive 
device. These losses will be deter- 
mined to a large degree by the 
size and shape of the core as well as 
the material. For maximum efficiency, 
the laminated type construction is 
generally recommended. Eddy cut 
rent losses increase approximately as 
the square of the frequency and thick- 
ness making the rod type inefficient 
at high frequencies. A thin tube will 
have lower losses than a rod, but 
power capacity is also lower. Stacked 
and insulated laminations about 0.010 
in. thick are useful up to about 30,000 
cycles; approximately 0.003 in. lami- 
nations are preferred at higher fre- 
quencies. Above about 50,000 cycles, 
however, the thickness (as well as 
length) may be reduced so far as to 
make construction difficult. 

Efficiency may vary from 90 per 
cent for a well-designed power type 
unit to 30 to 65 per cent. Where max- 
imum efficiency is required, magnetic 
bias should be provided. For example, 
the curves in Fig. 5 compare the per 
formance of a typical low power unit 
with and without bias. This bias can be 


Product Engineering — January, 195 


/00 % saturation 


w 
(2) 


N 
° 


Mognetostriction, OL/L x 10® 





40% 


= 20% 





Ot ‘ ‘ 
0 50 100 150 


200 250 300 350 


Temperoture, deg.C 


Fig. 4—Influence of temperature on magnetostriction in nickel for various 


degrees of magnetic saturation. 
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Fig. 5—Magnetic bias increases output of magnetostriction transducers. 


supplied by a permanent magnet, by 
a separate d-c supply, or by the d-c 
component in the plate circuit of the 
driving amplifier. 


ALLOWABLE STRAIN. Allow- 
able magnitude and frequency of 
displacements for a given material 
depend upon its fatigue strength. How- 


ever, the maximum operating stress 


must be considerably lower than the 
nominal endurance limit, since the 
useful life of a transducer involves 
many more cycles than are normally 
encountered in mechanical design. 
Whereas 10° or 10° cycles is generally 
considered as infinite life for a me 
chanical component, 10 hours of trans- 
ducer service at 25 ke would involve 
almost 10° cycles. In addition, a trans 
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qaucer structurc 


Sharp 


edges, changes of section, and welded 


core is not an ideal 


from the standpoint of fatigue 


joints between dissimilar metals create 
A practical operating 
stress for an annealed laminated nickel 
10,000 psi. This 


orresponds to a maximum stram otf 


stress raisers. 


transducer core is 


ibout 350 microinches per inch or 


higher 


DESIGN. 


is important as transducer geometn 


Operating frequency 1s 


\lthough a unit may operate over a 
range of frequencies, it is generally 
most practical to design for resonance 
ideal 
the only energy required for resonant 


operation. Under conditions, 


operation is for offsetting the losses 
and supplying the load on the trans 
ducer. ‘The mechanical power 


gcn 
erated in a transducer is directly pro 
portional to the dynamic strain level 

Standard 
can be used to supply the current for 
field. The 
actual field strength required will de 
pend upon the material used, For 
nickel, 100 nominal 
value although it is possible to operate 


commercial equipment 


generating the magnetic 


oersteds is a 


Fig. 6—Magnetostriction transducer applied to feed mechanism of precision centerless 
grinder. Transducer (at right) provides highly accurate “inching” feed. 
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at 50-200 oersteds for nickel as well 


Permalloy and 


as for Permendur, 45 
several other of the more common) 


used materials 
Applications 


Although industrial applications of 
magnetostriction are a comparativel: 
recent development, several significant 
examples are already in industrial usc 
Perhaps the best known of these arc 
in the field of cleaning and degreas 
ing ot metals. Here electrical energ\ 
is converted to mechanical vibration 
which causes cavitation in the clean 
ing fluid, producing an cfhcient cro 
that sharp 


otherwise 


sive action can reach 


corners and inaccessibl« 
areas. 


Another 
announced 


significant development, 


recently, is the welding 
of similar or dissimilar metals by vi 
bratory energy produced by magneto 
strichion. 
clamped between two elements and 


Pieces to be joined are 
intense vibratory energy is introduced 
from a transducer; result is a 
state metallurgical bond, with low 
Chis 


method is particularly useful in join 


solid 


deformation and no_ fusion. 


ing very thin sheets to heavy sections 
1 difficult task 
In the soldering field, magnetostric 


with fusion welding 
tion makes it possible to solder with 
out flux, thereby reducing the possi 
bilities for corrosion and contamina 


tion \ 


which delivers high frequency vibra 


magnetostrictive transducer 
torv cnergy is designed into a solde: 
ing gun equipped with a heated tip 
his transmitted to the 
soldering tip causing cavitation in the 


energy 1S 


molten solder which mechanicall\ 
breaks down the oxide film and pet 
mits the solder to wet the base mctal 


Aluminum, a metal having 


usually tenacious bond, ma\ 
dered with this technique. 

An cqually interesting and impor 
tant application involves the use of 


] 


magnetostriction in a machine tool 


feed device, Fig. 6. A solenoid wind 
ing is wrapped around a bar of nickel 
inches long. Clamping the 
bar at either end alternately and turn 


ing the current on and off results in 


several 


in inching motion that is used to 
feed a workpiece into a 
wheel. Increments in the 
few millionths of an inch are possibk 


grinding 
order of a 


An oil well drilling unit now under 
nickel 


ton, demonstrating 


development utilizes a core 
weighing over | 
that size is not a limitation in appli 
cation of the magnetostriction princi 
utilizes vertical vi 
bration of a heavy bit to crush 
in its path, the particles then being 


flushed away with drilling mud 


ples. I his dev ice 


} 
TOCN 


\ new application under develop 
ment is an automotive fuel injection 
svstem in which magnetostriction is 
used to produce pressure pulses that 
injects fuel into the cylinders at th« 
right instant for firing. Further appli 
cations of this method for converting 
electrical to mechanical energy de 
pend primarily on the design engi 
neer’s ingenuity and his understanding 


of the phenomenon. 


EDITOR’S NOTE—Other recent articles 
on important aspects of magnetic phe- 
nomena in product design include the 
following: 

“Ceramic 
page 143. 

“Fast-Acting 
1956, page 145. 

“Plastic-Bound Magnets,” April 
page 182. 

“Applications for Permanent Magnets,” 
March 1955, page 160. 

“Stainless Steel Powder Magnetic 
Clutches,” February 1954, page 142. 


Magnets,” December 1956, 


Magnetic Clutch,” June 


1956, 
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ontrolling 
emperature 
Rise 


IN SQUIRREL CAGE 


INDUCTION-MOTOR DRIVES 


MOTOR LIFE 


REDUCING MOTOR HEAT 


VENTILATING MOTORS 


OVERLOADING MOTORS 


Standards for normal life; significance of motor tempera- 
ture rise and effect of load on motor temperature. 


Revising duty cycle using mechanical and dynamic braking; 
changing motor base speed and reducing load inertia; 
using high-slip motors. 


Improving motor ventilation; cooling motors in restricted 
spaces and reducing external heat. 


Factors limiting overload; speed-sensitive loads and 
mechanical limitations. 


CHARLES C. LIBBY 


MANAGER, ELECTRICAL DEPT., FAIRBANKS, MORSE & CO., FAIRLAWN, N., J. 


USEFUL POWER OUTPUT and life of a motor are primarily determined and limited by de- 
structive effects of internal operating temperatures on winding insulation. As a result, re- 
lationship between actual operating temperature and recommended maximum temperature 
is a significant factor to be evaluated in selecting a motor. 

Proper evaluation of heat produced during duty cycle, time available to dissipate heat, 
and efficiency of heat transfer from motor windings and housing to air provides the fol- 
lowing significant advantages: (1) motor life can be increased or adjusted to requirements; 
(2) for a given duty cycle a smaller, lighter, or more economical motor may be used with 
full life expectancy; (3) number of starts and reversals may be increased without increas- 
ing frame size, motor hp, or temperature rise; (4) increased hp load can be compensated for 
without changing motor size or ventilation; and (5) motor weight or size can be reduced 
without increasing temperature rise or reducing hp rating. 
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Motor Life and Winding Temperatures 


DURATION OF MOTOR LIFE is directly governed by operating 
temperatures of stator windings. This temperature is the 
sum of ambient temperature and maximum motor tempera- 
ture rise. Relationship between life expectancy and operat- 
ing temperatures of motors with class A and B insulations 
are shown in Fig. 1, with curves based on deterioration of 
insulation solely by elevated operating temperatures. These 
curves are valid if the motor enclosure is selected to prop- 
erly protect the winding from airborn contaminants, if 
lubrication system is properly designed and serviced, and if 
provision is made to prohibit accumulation of moisture in 
the winding insulation. 

Points of 100 per cent life, indicated by the intersection 
of the A and B curves with the vertical colored line, cor- 
respond to an estimated 20 years at maximum operating 
temperatures of 95 C for class A and 115 C for class B. 
These temperatures correspond to NEMA standards which 
recommend, in a 40 C ambient, maximum temperature 
rises limited to 55 C for class A and 75 C for class B. Motor 
winding temperatures shown in Fig. | and in following 
illustrations are based on temperature measurements taken 
by thermometer, as described in box entitled: “Motor Tem- 
perature-Rise Measurement”. 

Life of a polyphase induction motor can be considered 
ended when winding insulation fails because cost of rewind- 
ing is roughly one-half of motor value. Bearing life is also 
determined to a more limited extent by effect of motor tem- 
perature on bearing lubricants. Within range of tempera- 
tures shown in Fig. 1, life expectancy is not seriously re- 
duced. Motors operating in the class B range of tempera- 


tures use bearing lubricants which are designed for the 
increased temperatures. 


Motor Temperature Rise 


Choice of proper temperature-rise rating for a motor is 
limited by ambient temperature in which motor is to be 
operated. For example, variation of stator winding tempera- 
ture with change in ambient, for motors of standard NEMA 
temperature-rise ratings of 40, 50, 55, 70, and 75 C, is 
shown in Fig. 2; it is assumed the motors have been oper- 
ated under continuous full-load until temperature has 
reached a stable maximum value. 

Ambient temperatures refer to temperature of air in con- 
tact with heated motor. The actual ambient may be higher 
or lower than maximum allowable value of 40 C on which 
limits of total temperatures are based in NEMA standards. 
However, temperatures above 40 C limit possible applica- 
tions, while those below 40 C expand them. Ambient tem- 
peratures below 10 C are considered special and may require 
modification of the motor lubrication system. 

Ambient temperature must be added to the rated motor 
rise to be certain that motor operating temperatures do not 
exceed maximums of 95 C for class A insulation and 115 C 
for class B. For example, from Fig. 2, a 40 C rise motor 
with class A insulation can be used in a 50 C ambient to 
produce motor temperature of 90 C; but a similar 50 C rise 
motor could not be used in the same ambient without ex- 
ceeding maximum allowable temperature by 5 C. If it were 
necessary to use the 50 C rise motor, class B insulation 
should then be specified. 





Two standard methods of measuring squirrel cage induc- 
tion-motor temperature rise are: use of a thermometer or by 
calculation from change in resistance of the stator windings. 
The method chosen usually is the one most convenient, al- 
though other factors, such as the inability to remove a motor 
endbell, may govern the choice. 

Maximum temperature limits, in Centigrade, are estab- 
lished by NEMA Standard MG 1—4.16 for various enclos- 
ures and types of insulation, as measured by both ther- 
mometer and resistance change. Two sets of temperature 
readings are given because temperatures obtained by re- 
sistance measurement are higher than thermometer readings 
for the same motor temperature. However, corresponding 
temperatures are directly related in the standards. All listed 
temperatures refer to values obtained after the motor is 
operated until temperature has reached a stabilized value, 
usually after two hours or more. 

Detailed information on these measurements appears in 
“The American Standard Test Code for Polyphase Induction 
Motors,” ASA publication C50.20-1954 and AIEE publica- 
tion No. 500 B. 

Thermometer measurements are most accurate when ob- 
tained from that portion of the stator windings extending 
beyond the core; the thermometer bulb may be affixed to the 
stator coil using putty. If the motor must be stopped before 
reading the winding temperature, it is important that the 





MOTOR TEMPERATURE-RISE MEASUREMENT 


reading be taken as quickly as possible. If temperature is to 
be read without disassembling the motor, a hole for the 
thermometer may have to be drilled in the motor end bell. 

A simpler, but less accurate method frequently used is to 
remove the motor lifting ring, fill the hole with lubricating 
oil, and insert the thermometer. In absence of a lifting ring 
the thermometer may be affixed to exposed stator core lami- 
nations with putty. 

Motor temperature rise is obtained by subtracting room 
temperature from motor temperature. Thermometer read- 
ings usually rise for a short time after the motor is stopped, 
but the initial value should be used. 

Resistance measurement is more accurate than thermom- 
eter, but requires a resistance bridge or ohmmeter. The 
formula usually employed for calculating temperature of a 
motor with copper windings is 


R: (234.5 + Tr) 
R, 


where Tw is motor temperature in C; Ts is room temperature 
in C; R, is average resistance in ohms, as measured between 
stator leads with motor at room temperature; in a 3-phase 
motor, resistance is measured between leads T, and T:, T; 
and T;, and T, and T;. And R: is average resistance of the 
same windings after motor temperature has stabilized under 
intended load. 


Tw = 





- 234.5 
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Fig. 1—Effect of motor oper- 
ating temperature on expected 
motor life; primary factor is 
destructive effect of elevated 
operating temperatures on 
winding insulation. Operation 
of motors at higher than 
NEMA maximum recom- 
mended temperatures can give 
increased performance at cost 
of decreased life. An expected 
life of 20 years is based solely 
on rate of deterioration of in- 
sulation by motor heat; curves 
are valid when windings are 
protected from air-born con- 
taminants, moisture accumula- 
tion, and motor lubricant. 
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Fig. 2—Ambient temperature in which motor is operated limits 
choice of temperature-rise rating because normal expected life 
is decreased if maximum recommended temperature limits of 95 
C for class A or 115 C for B insulations are exceeded. Curves 
show variation in winding temperatures of five temperature-rise 
ratings as ambient is varied from 10 to 75 C; motors have been 
operated at continuous full load until temperatures have stabi- 
lized. For estimation of motor life, winding temperatures can be 
compared to those in Fig. 1. Range of normal winding tempera- 
tures for class A or class B insulation used on windings falls 
within shaded areas indicated. Normal room ambient of 20 C is 
shown in color at bottom of graph. The 70 and 75 C rise motors 
are normally supplied only with class B insulation. Fahrenheit 
temperatures are included for comparison. 


Temperature-Rise Ratings 


Motors of standard and nonstandard temperature-rise 
ratings can be obtained in one or more types of standard or 
nonstandard enclosures and frame sizes. Various combina- 
tions of NEMA temperature-rise ratings, service factors, 
and types of insulation for continuous-duty induction motors 
based on a 40 C ambient are listed in Table I. For special 
operating conditions, nonstandard combinations of these 
factors and ambient temperatures, are listed in Table II. 

Standard temperature-rise ratings in Table I apply to 
NEMA Design A, B, C, D, and F motors in standard en- 
closures. For open drip-proof enclosures, service factors of 
1.15, 1.20 and 1.25 are listed, while a service factor of 1.00 
applies to Design D in the open drip-proof and to all NEMA 
Designs in splash-proof, totally enclosed non-ventilated, 
and totally enclosed ventilated. 

The service factor indicates maximum hp which may be 
obtained from a motor for 100 per cent life, Fig. 1, under 
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continuous load without injurious overheating. For service 
factors of 1.00, max hp agrees with nameplate rating; for 
service factors greater than 1.00 max hp is the product of 
service factor and nameplate rating. For example, a 10-hp 
motor with a service factor of 1.15 can be applied to a con- 
tinuous 11.5-hp load without injurious overheating. 

In general, service factor of lower-hp motors is higher, 
since they tend to be overloaded in the type of applications 
for which they are used. Where load can be exactly pre- 
dicted, a service factor in excess of 1.00 should not be 
needed; however, where equipment may be overloaded by 
user, added capacity of a service factor higher than 1.00 
may be useful. 

Relationship of service factor to motor temperature rise 
and motor winding temperatures may be obtained from the 
curves in Fig. 2. For example, if nameplate rating of totally 
enclosed fan-cooled motor indicates a service factor of 1.00 
and a 55 C rise under continuous full load, actual motor 
temperature in a 40 C ambient will be 95 C, which is upper 
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Table |— NEMA Temperature Rise Ratings, Service Factors, and Types of Insulation for Continuous Duty In- 
duction Motors Operating in 40 C Ambient Temperature 


Because NEMA Standards do not define service factor of Design D wators, standard commercial practice is indicated. Splash-proof enciesures in- 
clude semi-guarded, guarded, and drip proof fully guarded. Drip proof motors may also be rated 50 C rise. 





Type of Enclosure 
for NEMA Design 


Standard Motors 


Special Service Meters 





A, B, C, D and F Motors 
1 te 200 hp 


Rated Temp 
Rise, C 


Rated Temp 


Service Facter Rise, C 





Open or open drip proof 
1. NEMA Design A,B,C,F 
1 hp 
1% and 2 hp 
3 to 200 hp 
2. NEMA Design D 





Splash proof, all Designs 
and hp ratings 





Totally enclosed and 
totally enclosed fan 
cooled, all Designs 
and hp ratings 





























Table Il — Nonstandard Combinations of Temperature Rise Rating, Service Factor, Type of Insulation, Frame 
Size, and Ambient Temperature for Continuous Duty Induction Motors Under Special Operating 


Conditions 





Special Conditions Enclosure 


Frame 
Temp, C Size 





Severe duty cycle, where NEMA stand- 
ard temperature rise is exceeded 


open 


NEMA 
70 40 standard 





for frequent starting, frequent reversing, 


or heavy-inertia starting enclosed 


Same as NEMA, for special service 75-C 
and 115-C rise motors 





Smaller than NEMA frame size re- i 


70 B 40 





quired to reduce space or weight, — 


smaller than 


73 S 40 standard 





rotor inertia, or cost of installation 


H 40 





Service factors higher than stand- 


larger than 


40 40 standard 





ard required for intermittent or 


40 40 NEMA standard 





emergency overloads, without 


injurious heating enclosed 


larger than 


40 40 standard 





55 B 40 NEMA standard 





Ambient temp above 40 C when open 














40 B 60 NEMA standard 





open motors are operated at max 
load allowed by service factor 
or when enclosed motors are used 


enclosed 











Same as NEMA for special service 75-C and 115-C 
rise, except for 60 C ambient 








limit for class A insulation. Under these conditions con- 
tinuous overload will increase winding insulation tempera- 
tures Over maximum recommended values and decrease life 
expectancy as indicated in Fig. |. 

If, on the other hand, an open drip-proof motor has 
nameplate rating of 40 C rise and a service factor of 1.25, 
the motor may be run at 125 per cent of rated load in a 
40 C ambient without exceeding 95 C for class A insulation. 
That is, the 95 C rating limit on motor temperature allows 
for an additional 15 C rise on overloads within the service 
factor. 

By operating the same 40 C rise motor within its name- 
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plate hp rating, it can be applied in a 55 C ambient without 
exceeding class A temperature limit. 

Nonstandard temperature rise ratings in Table II can be 
used where a motor must: (1) be chosen for a severe duty 
cycle, (2) be of smaller frame size than a comparable 
NEMA frame, (3) operate in ambient temperatures above 
40 C, or (4) be selected with a service factor higher than 
standard. 


Effect of Load on Motor Temperature 


Ambient temperature in a given application may be 
higher or lower than ambients on which temperature rises 
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Fig. 3—Effect of motor load on stabilized winding temperatures 
for 40 C rise motors in 20 to 60 C ambients. At no-load, winding 
temperature is approximately 5 C above ambient, but increases 
with load until at full load it is equal to sum of ambient plus 
rated temperature rise. Beyond full load, temperature increases 
rapidly. Dashed 30 C curve pertains to example discussed in text. 
Graph applies to motors of 1 to 200 hp. 


listed in Tables I and II are based. Ambient temperatures 
below normal may allow overloads beyond service factor 
guarantees; or higher ambients may preclude use of the 
guaranteed service factor in order to keep motor tempera- 
tures within maximum allowable limits. 

Effect of load on motor temperature, at ambients be- 
tween 20 and 60 C, is shown in Fig. 3 for a 40 C rise motor. 
Relationship between load, temperature rise, ambient tem- 
perature, and type of insulation required for normal life can 
be obtained from the curves. For example, a 10-hp 1800- 
rpm 40-C rise motor with class A insulation is specified to 
deliver 100 per cent continuous load in a machine located 
in a 30 C ambient. Such operation produces a motor tem- 
perature of 70 C, well within class A limits, 

However, a revision in the drive requires 25 per cent 
continuous overload. In this case, motor temperature will 
increase along the dashed 30 C ambient curve to approxi- 
mately 100 C, which is outside class A insulation. In this 
case, class B insulation is a possible solution, provided ap- 
plication allows use of motor with a higher than 40-C rise 





Motor winding temp, C 


50 75 
Per cent of rated load 


rating at normal loads. An operating load test and tempera- 
ture measurement will verify if new motor operates within 
recommended maximum for class B. 


Reducing Motor Heat 


ANY REDUCTION IN HEAT produced by an electric motor 
decreases operating temperature. This decrease may be 
used to increase normal motor life; or it may make possible 
use of smaller, lighter, or more economical motor operating 
at normal temperature and with normal life. 

For motors applied in duty cycles involving frequent 
starting or reversing, motor heat may be reduced by: (1) 
duty-cycle revision, (2) inertia reduction, or (3) motor De- 
sign selection. 

For motors operating continuously at a constant load, 
heat produced is determined by hp output and motor effi- 
ciency. For reduction in operating temperature, efficiency 
may be improved or load reduced; otherwise, any tempera- 
ture reduction requires that heat be removed by ventilation 
improvements rather than by duty-cycle revision. Motor 
ventilation is discussed in a later section. 


Duty Cycle Revision 


For a drive motor applied in a duty cycle with frequent 
starts or reversals, starting heat losses are several times 
higher than those produced by full-load operation; for 
example, heat produced in starting a NEMA Design B 
motor with no connected load is 8 to 10 times that produced 
by full-load operation for same period. In addition, motor 
ventilation is reduced by lower average speed. These factors 
combine to increase motor temperature rise. In duty cycles 
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which include 15 or more starts per min, 5 or more plug 
reversals per min, or 15 or more reversals per min using a 
brake stop, a significant portion of total heat is produced 
during these periods. 

Heat developed by continuous duty-cycle operation can 
be most simply reduced by lowering cycling rate. However, 
to maintain or increase cycling rate, heat can be reduced 
on the basis of revision within the cycle. Because starts, 
plug stops, or plug reversals produce most heat, it can be 
minimized by comparing possible combinations of these 
duty-cycle elements and revising the cycle by using that 
combination which reduces temperature rise within mini- 
mum or acceptable limits. 

To compare starts, plug stops, or plug reversals, heat pro- 
duced by each duty-cycle element is evaluated in terms of 
heat produced by a single acceleration. 

Total heat produced during a single load acceleration is 
equal to the sum of rotor heat loss He and stator heat loss 
Hs. Rotor heat loss is 


RPMs \* 
100 (S,*-S,") (1) 


where Hk is heat produced in watt-sec per start; (WR’)+ is 
total inertia of motor and load in lb-ft’; RPMs is syn- 
chronous speed of rotating stator field; (S,’-S.") is slip factor 
in which S; is initial motor slip, S: is final slip, and slip is 


He=2.3 (wR') =( 
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defined as: S=(RPMs-RPMx) / RPMs, where RPM« is 
rotor speed. 
Stator heat loss Hs is a function of rotor heat loss and is 


equal to 
Rs . 
Ha=Hs ( Re Jc 


where Rs is stator resistance, Re is rotor resistance, and C, 
is a constant determined by electrical design. 
Total heat loss Hr is therefore 


r=2.3 (WR’)x ( eee ) (S,°-S.") u+(#) Cc) (2) 

A study of Eq. (2) indicates that, for a given motor and 
load, all terms are constants except the slip factor; con- 
sequently, heat produced is proportional to this factor, 
which is equal to 1 for a single acceleration from zero to 
synchronous speed—to 3 for a plug stop from full speed— 
and to 4 for a full plug reverse (plug stop plus acceleration). 
That is, heat produced in one plug stop is equal to three 
times that of a single acceleration; and for a plug reverse, 
heat is four times. 

Although slip-factor values indicate relative heat pro- 
duced, they are not used directly for duty-cycle revision be- 
cause the life of the motor depends not on heat produced, 
but on temperature rise. Therefore, “corrected slip-factors”’, 
shown in Table below, have been derived in terms of 
amount of heat which will produce the same temperature 
rise if one element of a duty cycle is numerically equated 
to the other. For example, 3 accelerations will produce same 
temperature rise as 1 full plug reverse, or 2 accelerations 
will produce same rise as | plug stop. These corrected 
values are used in following examples of duty-cycle revision. 


Corrected 
Slip 
Factor 


Slip Factor 


Duty-Cycle Element S,?-S,?) 





Acceleration from zero to 
synchronous speed 

Plug stop from full speed 

Full plug reverse 
(plug stop plus acceleration) 








Using Mechanical Brakes 


Heat produced in the plug stop portion of a duty cycle 
can be eliminated by substituting a mechanical brake stop; 
this may allow motor size to be reduced. Example in Table 
III compares plug reversals with mechanical brake stop sub- 
stituted for plug stop. Here, a NEMA Design D 50 C rise 
motor with class A insulation was satisfactorily used to ob- 
tain 500 reversals an hour, but when 700 were specified, 
heat produced was too much for the motor and a NEMA D 
with a special stator, class B insulation, and temperature rise 
of 75 C was specified. However, revising the cycle by using 
a mechanical brake for stopping reduced motor temperature 
sufficiently to permit use of the original NEMA D motor 
for 700 reversals. 

Mechanical-brake features generally govern selection for 
a particular application. Spring-applied, electrically released 
brakes stop motor and load and hold both immobile be- 
tween operations. Electrically applied spring-released brakes 
require added electrical control equipment, but make pos- 
sible a combination of brake and clutch in limited space. 
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/ 
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N 


Equivalent inertia of load at 1800 rpm, ib- #4" 








i 
6 


Lood inertia, ib-ft 





2 


Fig. 4—Reduction in load speed reduces temperature rise by low- 
ering effective load inertia at motor shaft. Variation of equiva- 
lent load inertias for five load speeds, each referred to 1800 rpm 
of motor; reduction in effective load inertia is proportional to 
the square of the ratio of load speed to motor speed. 


This permits motor to continue rotating and only load to be 
stopped, further reducing temperature rise. 

Dynamic braking by applying d-c to motor winding after 
a-c power is disconnected can be substituted for mechanical 
braking or for plug stopping. A single stop by dynamic 
braking produces as much motor heat as one start with the 
same inertia. However, it requires, as does plug-stopping, 
addition of a control element to sense or predict the instant 
at which the motor stops. 


Changing Motor Speed 


Heat produced in accelerating or plugging operations is 
proportional to the square of maximum or synchronous 
motor speed, from Eqs. (1) and (2). Consequently, it may 
be practical to use lower motor rpm with a higher gear or 
V-belt drive ratio, and thus produce net reduction in heat 
for frequent starts or reversals. For example, a 900-rpm 
motor can reverse four times as frequently as an 1800-rpm 
motor with same production in heat, provided inertia is the 
same. An increase in inertia occurs because of increase in 
frame size of lower speed motor; this decreases advantage of 
the lower speed motor, but in all cases, lower speed produces 
less heat during acceleration than the high. In addition, 
larger frame size of lower speed motor tends to improve 
heat dissipation and further reduce motor temperature. This 
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Fig. 5—Selection of proper motor Design type can reduce tem- 
perature rise for duty cycles with frequent or long periods of 
acceleration. Curves shown apply to NEMA Design B and D 
motors, 1800 rpm, 1 to 25 hp. Temperature rise shown is based 
on inertia load only; constant running load is not considered. 
For less than 5 starts per min Design B motors have lower tem- 
perature rise, but over 5 starts advantage of Design D motor 
increases with starting frequency. 


factor is discussed in greater detail under “Ventilating 
Motors.” 


Reducing Inertia 


Another important means of reducing motor heat is to 
reduce load and motor inertia, where possible, since heat is 
reduced in the same proportion. This may be accomplished 
by reducing load speed, load weight, or diameter or length 
of rotating parts. 

Total driven inertia (WR‘*)+r is the sum of motor-rotor 


inertia and inertia of various rotating load elements re- 
ferred to motor shaft speed, or 


(WR®) x = (WR®)sc + (WR*): (Rew ) 


RPM 


where (WR’)« is motor inertia, (WR’*): is load inertia, 
RPM: is load speed, and RPM. is motor shaft speed. 

Relationship between load inertia, load speed, and equiv- 
alent load inertia referred to motor speed of 1800 rpm is 
shown in Fig. 4. In reducing total inertia, reduction in load 
speed can be as effective as reduction in load inertia. For 
example, load inertia of 6 lb-ft’ at 3600 rpm and motor 
inertia of 6 Ib-ft’ are equal to 6+6 (3600/1800)’, or 30 
lb-ft? at motor shaft speed. If load speed is reduced 25 per 
cent to 2700 rpm, total inertia is reduced to 19.5 Ib-ft’. If 
load speed must be maintained at 3600 rpm, load inertia 
must be reduced by 44 per cent to 3.37 lb-ft’ to obtain same 
total inertia of 19.5 lb-ft’. 


Selecting High-Slip Motors 

Heat produced in duty cycles with frequent or long 
periods of acceleration can be reduced by proper selection 
of motor Design type. A motor with higher slip and lower 
full-load speed, such as NEMA Design D types, can be 
started more frequently than Design B with same tempera- 
ture rise. This is indicated in Fig. 5 which shows tempera- 
ture rise per number of starts per min for Design B and D, 
1 to 25 hp, 1800-rpm motors of existing NEMA frames. 
Temperature-rise figures shown here are for an inertia load 
only; running load is not considered in this graph. 

The important electrical difference in high-slip motors 
designed specifically for frequent starting or reversing serv- 
ice, such as NEMA Design D, is increased rotor resistance. 
This causes the following significant changes: (1) maximum 
torque is developed at lower rpm, (2) starting current is 
reduced, (3) starting power factor is increased, (4) full- 
load slip is increased, which means that full-load speed is re- 
duced, and (5) full-load efficiency is reduced. As a result of 
these changes, the higher slip motor: (1) accelerates more 
rapidly in lower speed range, (2) develops smaller stator 
losses and less heat during acceleration, and (3) improves 
motor ventilation during acceleration because motor is run- 
ning at higher average speed greater portion of the time. 

Because of these factors selection of a high-slip Design 


Table Ili— Comparison of Alternate Solutions for Duty Cycle Drive Problem 
Basic motor specified is 5-hp, frame 254, continuous duty, 1900 rpm. Duty cycle is repeated once per hour. Total inertia is 4 |b-ft’, direct-con- 


nected; 5-hp load. 





All Motors Operate at Full Load for Duty Cycle Described 





Motor and Load 


Characteristics Continuous duty 


Plug reversals 700 reversals using 





——_— 


500 700 mech. brake stop 





Average accelerating 


torque, ft Ib 30 


37 40 37 








Average 


reversing torque, ft Ib 27 


45 42 





NEMA Design 


B 
type 


D 
with special stator 





Class of A 
insulation 





Temperature 40 
rise. C 














75 
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presents four ways to reduce motor operating temperatures. 
For example, assume a NEMA Design B, 5-hp 1800-rpm 
motor in a 254 size frame is required to operate a full load 
between reversals, and to plug-reverse 10 times per min. 
Total inertia is 2.5 lb-ft’. Assuming it is impractical to re- 
vise load speed or inertia, or allow temperature rise higher 
than 40 C, a NEMA Design D motor which can handle 
15 plug stops without exceeding 40 C rise can be applied. 
Another solution would be to use an auxiliary brake, as 
previously described, but this may not be desirable because 
of increased machine complexity and added components 
which can be a source of equipment failure. 

The graph in Fig. 5, which compares number of starts 
for NEMA Design B and D motors for a given temperature 
rise, is based on a maximum of 25 hp since motors of higher 
hp rating are seldom applied for frequent starting applica- 
tions; their larger rotor inertias have a higher ratio of heat- 
produced to heat-dissipating-area. Where applications in- 
volve motors over 25 hp and require 5 or more starts per 
minute, special ventilation should be considered. 

Summary of the various methods of reducing heat de- 
veloped in a motor during frequent starts or reversals is 
given in Table IV. 

NEMA Design D motors are available with various full- 
load slip characteristics which can be matched to load re- 
quirements. Standard NEMA full-load slips range from 5 
to 8 and from 8 to 13 per cent. However, nonstandard values 
of higher slip may be used for severe starting or reversing 
requirements. 

Determination of optimum slip value for a given_appli- 
cation requires complex motor design calculations which 
must be performed by motor designer. To determine best 
Design type for greatest number of starts or reversals with 
minimum frame size for specified temperature rise, informa- 


Ventilating Motors 


REDUCING HEAT generated in the motor provides one basic 
means of keeping motor temperature within safe limits. An- 
other basic solution is removal of heat from motor at a 
rate sufficient to mamtain operating temperaures below in- 
jurious levels. This can be accomplished by proper applica- 
tion of the ventilation system of motor or by auxiliary fans 
or blowers. 

Systems of ventilation used with the several standard 
enclosure types transfer heat from motor core and winding 
into surrounding air. Cooling methods used in the three 
basic types of enclosures vary somewhat in the means of 
using ventilating air for this purpose. 

Heat transfer from motor to air is affected by many 
factors, including: (1) watts to be dissipated per unit of 
cooling area, (2) volume of cooling air available, (3) 
temperature differential between cooling air and hot surface, 
(4) efficiency of cooling air movement over dissipating area, 
and (5) effect of motor mounting surface or motor shaft 
temperature on motor temperature. Improving effectiveness 
of inbuilt ventilation systems of both open and enclosed 
motors can produce significant reductions in motor operat- 
ing temperatures. Reduction of cooling by machine designs 
which restrict or block the entrance of external ventilating 
air into or around the motor enclosure may require a com- 
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Table IV — 


Methods of Reducing Heat Developed in Motor 
During Frequent Starts or Reversals 





Revise Load 
Characteristics 


Revise Duty 


Cycle Change Meter 





. Replace plug 
stops with brake 
stops 

. Add clutch be- 
tween motor and required load 
load, brake load speed 


only . Reduce load 

. Replace plug stops inertia by us- 
with dynamic brak- ing fewer, 
ing lighter, or 

. Replace plug rever smaller diam. 
sals with brake rotating parts 
stop, plus automa- . Reduce fric- 
tic reacceleration tion load 
by special control 


. Replace plug rever- 
sals with dynamic 
brake stops plus 
automatic reaccelera- 
tion as above 


Select motor with: 


a. Higher rotor 
resistance or 
higher slip, or 

. Lower rotor in- 
ertia at same 
hp, or 

. Lower rated 
speed 


. Reduce max 
Starts 





Reversals 




















tion listed in Table V should be supplied motor designer. 

Frequently the load is difficult to describe because under 
different operating conditions the duty cycle varies con- 
siderably. The repeating cycle which has the highest run- 
ning loads, the most frequent starts or reversals, and the 
shortest time at rest, produces the highest amount of heat 
and should be used in supplying data for this Table. 


pensating increase in frame size and/or temperature rise to 
maintain specified motor rating and efficiency. 

Special water-cooled, or submerged motors which use the 
liquid in which they are immersed as the cooling media, have 
limited application. 

Improving Open-Motor Ventilation 

Open or drip-proof motors use integral fans on shaft or 
rotor to draw air inside motor frame and into direct contact 
with motor windings and core. This ventilating system trans- 
fers heat at highest rate per sq in. of heat dissipating surface 
of the three motor-enclosure types. This high heat transfer 
is caused partially by higher temperatures of surfaces in 
contact with air and partially by the nature of these surfaces. 
For this reason, open or open drip-proof motors have lowest 
temperature-rise rating, in standard construction, of the 
three enclosures. Also, this type motor has highest con- 
tinuous overload capacity or service factor; and frame size 
and weight is as small or smaller than any other of other 
enclosure types. 

In a motor running in an open, well ventilated space, 
much rotor heat is transferred directly to surrounding air 
and does not contribute to winding temperature rise. If an 
open motor is used in frequent starting or reversing service, 
normal self-ventilation can be used to advantage by in- 
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Table V — 
Data Required by Motor Designer 
to Determine Motor Design for Frequent Starting 
or Reversing Applications 





Duty Cycle Description 
1. Number of starts, reversals and stops per min in cycle 
. Duration of cycle 
. Time machine operates at full load 
. Time machine operates at no load 
. Time machine spends at rest 
6. Rate of cycle repetition 


Speed and Inertia of Rotating and Reciprocating Parts 
Friction and Work Loads 


Method of Control Required for Stopping or Reversing Mechanical 
Brake, Plug Reverse, or Other Combinations 


Motor Description 
1. Speed, rpm 
Supply voltage and frequency 
. Enclosure and mounting 
. Temperature rise, if specified 
. Governing specifications such as JIC, NEMA, etc 











Temp of exhoust 
oir from motor —~ — 


Theoretical moximum 
heat-transfer values ——», 





Motor hp rating 


~~ Minimum heat 
transfer valves 








490 500 
Volume of air entering motor ot 20C, cfm 
Fig. 6—Left-hand boundary of shaded area is theoretical max 


heat transfer in which 20 C air absorbs 100 per cent heat and is 
exhausted from motor ventilating system at 60 C. Right-hand 


200 


100 300 





creasing length of time motor runs at full speed and reduc- 
ing time at rest. 

NEMA recommended frame sizes for open 40 C rise 
motors are smaller than enclosed fan-cooled 55 C rise motor 
for 50 hp 1800-rpm ratings or larger, in both 1956 standards 
and in recommended frame sizes for future designs. 


Ventilating Open Motors in Restricted Spaces 


If an open motor is mounted in a restricted space, entire 
heat output of the motor is available to raise stator tempera- 
ture. In some instances such restriction doubles proportion 
of motor heat producing stator temperature rise. 

In restricted spaces, a sufficient volume of air must be 
supplied to ventilate the motor. This volume may be ob- 
tained from Fig. 6, which shows the cu ft/min of 20 C 
air required to ventilate 40 C rise open motors up to 60 hp. 
The left-hand boundary of the shaded area, shown in color, 
corresponds to a theoretical maximum 100 per cent trans- 
fer of motor heat to air; in this case air enters the enclosure 
at 20 C and leaves at a motor temperature of 60 C. The 
right-hand boundary of the shaded area is a volume limit 
defined by minimum value of heat transfer, producing a 
20 C temperature differential between motor exhaust air 
and motor winding. Practical application values lie between 
the boundaries shown. 

Data in Fig. 6 are based on the assumption that air moves 
freely around the motor, driven either by the inbuilt fan 
or by an external fan or blower. It is also assumed that 
machine or equipment surfaces surrounding the motor are 
well insulated so as to neither add nor subtract heat to or 
from the area. In practice, this situation is seldom en- 
countered. Where surrounding areas are cooler, removal 
of heat is aided; where they are hotter, they add to the 
cooling problem and increase required volume of air flow. 

In providing for passage of cooling air through a re- 
stricted space and motor enclosure, air flow should be di- 
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b dary is minimum heat-transfer value at which 20 C cooling 
air absorbs sufficient heat to be exhausted at 40 C. Practical 
value for any application lies between these limits. It is also as- 
sumed no additional motor heat is introduced by walls of en- 
closure and that air flow is directed entirely on motor. Where 
flow cannot be concentrated in this manner, increased air re- 
quirements must be considered. 


rected to prevent hot exhaust air from the motor from 
reentering motor cooling system. 


Ventilating Enclosed Motors in Restricted Space 


Difficult problems of heat dissipation can arise in attempt- 
ing to reduce motor temperature rise or frame size of en- 
closed motors. Such motors are normally rated 55 C rise, 
and at full load are operating close to maximum recom- 
mended temperatures for class A insulation in a 40 C 
ambient. Because of this, standard totally enclosed non- 
ventilated (TENV) and totally enclosed fan-cooled (TEFC) 
motors have a service factor of 1.00. 

Totally enclosed non-ventilated motors circulate air with- 
in the enclosure using fans on rotor or shaft to transfer 
heat from motor windings and core to enclosing case. Heat 
is then radiated and conducted to external ventilating air 
which normally circulates over outside of the motor en- 
closure by natural convection or incidental drafts. 

Totally enclosed fan-cooled motors also use internal fans. 
However, movement of ventilating air over outside of the 
motor is substantially increased by addition of external fans 
mounted on one or both ends of motor. 

Safe motor temperatures in restricted locations may be 
maintained by utilizing the air flow of the motor fan or of 
supplementary fans or blowers. The volume of cooling air 
required to properly ventilated totally enclosed motors up 
to 60-hp ratings is shown in Fig. 7. Shaded area at left 
applies to 75 C rise motors with class B insulation, while 
area at right applies to 55 C rise motors with class A insu- 
lation. Significance of area boundaries and assumptions 
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made for Fig. 6 also apply here. 

Two examples of enclosed-motor cooling in restricted lo- 
cations are shown in Fig. 8. One example utilizes air flow 
of the motor fan as shown in (A). Here, the fan of a totally 
enclosed fan-cooled motor draws air into a machine column 
in which the motor is located. Air enters through lower side- 
column openings; hot exhaust air from the motor is blown 
and rises to leave through the upper openings in the door. 

Supplementary fans or blowers can be used to reduce 
excessive motor temperatures or to reduce temperatures 
which may exceed other specified limits. In Fig. 8(B) an 
auxiliary four-blade fan is mounted on a drive sheave; it 
draws air through the lower opening in the door and over 
the motor located in the machine base. 

Larger frame size is sometimes employed to improve 
motor cooling for totally enclosed non-ventilated motors 
1800-rpm over 742 hp. However, increased frame size in- 
creases rotor inertia, and is not recommended for frequent 
reversing service. More generally employed is the fan-cooled 
motor which can be built in smaller sizes in these ratings. 

Because of heat-dissipation requirements, NEMA speci- 
fies larger frame sizes for non-ventilated 55 C rise motors 
than for the same enclosed fan-cooled motor in ratings over 
3 hp under present standards, and over 12 
mended future designs. 

The addition of separate ventilating fans attached to the 
motor, or separately mounted with ducts to the motor, is an 


hp in recom- 


effective means of improving enclosed motor ventilation. 
Air requirements from Fig. 7 apply. For motors up to 100 
hp, flow of ambient air over motor enclosure is normally 
obtained by using a fan-cooled motor or auxiliary fans. 
Larger motors frequently utilize a mechanical heat ex- 
changer or cooling air from an external source. 


Fan or Blower Drives 


Special case of inherent auxiliary ventilation occurs in 
application of drive motors to fans or blowers handling 
ambient air of normal temperatures. Flow of fan-driven air 
over the motor may be utilized to dissipate motor heat to 
such an extent that frame size and hp rating may be re- 





Temp of 
exhaust oir 
from motor. 


Motor Hp Rating 


Heot transfer volues: 
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Volume of air entering motor ot 20C, cfm 
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Fig. 7—Cooling air required to ventilate 1 to 60 hp totally en- 
closed motors. Method of using curves and qualifications for 
Fig. 6 also apply here. 


duced without exceeding standard temperature rise. Air 
motion is frequently not directed efficiently over the motor 
surface in such applications, but large volume of air move- 
ment compensates for this lack. For example, an 1800 rpm 
motor normally rated 25 hp is successfully employed in 
driving the 40 hp blower shown in Fig. 9, without exceeding 
normal temperature rise. The motor shown here is of flange- 
mounted construction. 


Reducing External Heat 


Where ambient air is excessively hot, or where abrasive 
or metallic particles in air make it unsuitable for cooling, 
motors can be ventilated using pipes or ducts, as shown in 


Fig. 8—Two examples of ventilating totally-enclosed drive motor in restricted spaces. (A) Spindle drive motor of machine by Cin- 
cinnati Milling Machine is located in base of column; ventilating air enters through lower side column openings, is blown across 
fan-cooled motor by motor fan and rises to leave through upper openings in the door. (B) Auxiliary-fan ventilation of enclosed 
motor in restricted space on milling machine by Cincinnati Milling. Four-blade propeller fan on drive sheave draws air in through 


lower opening in door and blows it over motor. 
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Fig. 9—Air-stream ventilated motor driving a centri- Fig. 10—In excessively hot, corrosive, or abrasive ambient air, motors can 
fugal blower by Green Fuel Economizer Co. Large be ventilated by cool, clean air from ducts or pipes. Where motor is self- 
volume of air flowing over motor permits the 40-hp ventilated, ducts up to 20 ft can be used; beyond 20 ft auxiliary fans or 
blower to be driven by an 1800-rpm airstream motor blowers are required. Example by Farrell-Birmingham Co. is a 250-hp, 
normally rated 25 hp without exceeding rated tempera- 900-rpm totally enclosed motor driving a Banbury mixer through a gear 
ture rise. reducer. 
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Fig. 11—(A) When motor must be mounted on a hot surface, construction shown here can be used to reduce heat transfer to motor. 
Size of motor which can use this type of mounting is limited only by strength of insulating board. (B) Where motor shaft must be 
connected to a drive shaft at elevated temperature, temperature of motor shaft may be reduced to safe limits by using convecting 
fins shown. Number and size of fins used depends on temperature of drive shaft. 
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Fig. 10. For self-ventilation, ducts up to 20 feet long are 
used; beyond this length auxiliary fans or blowers are used. 

When motor, motor shaft, or both must be mounted in 
or on an area at elevated temperature, motor must be pro- 
tected from the external heat by special means. If heat is 
transferred principally through motor mounting, it can be 
insulated as shown in Fig. 11(A). Dimensions can be modi- 
fied to provide required temperature difference between 
heated surface and motor mounting. An increase of several 
inches in insulation-board thickness and a reduction of air 
space to % in. will give maximum protection afforded by this 
design. Size of motor which can be mounted in this fashion 
is limited by mechanical strength of insulating board used. 

Where external heat flows to motor through the shaft, 


Overloading Motors 


APPLICATIONS OCCUR in which limiting factors of available 
space or other specifications require that a chosen motor be 
overated beyond its normal 100 per-cent hp rating and tem- 
perature rise. For example, a 10-hp 1800-rpm motor carry- 
ing a continuous load at 40 C rise in a 30 C ambient was 
found to be overloaded 25 per cent by a proposed change in 
the drive. To maintain normal life expectancy, class B in- 
sulation could be used on the motor, provided increase in 
motor temperature rise above 40 C was acceptable. Test of 
the motor under 125 per cent load determined that motor 
temperature did not rise above allowable maximum for class 
B insulation. 

Factors limiting motor overloading are: (1) motor operat- 
ing temperature, (2) rpm at maximum load, (3) continuous 
and intermittent torque requirements at maximum load, 
and (4) overload protection. Motor speed is, within reason- 
able limits, reduced in proportion to load increase. An 1800 
rpm motor rated at 4 per cent slip will have full-load speed 
of 1728 rpm. If load is increased to 125 per cent, slip will 
increase a minimum of 25 per cent and motor speed will 
drop to 1710 rpm. 

In a constant torque load this speed change may not be 
significant; it is, however, in applications where power re- 
quired is proportional to the cube of motor speed, such as 
in a centrifugal pump. Also, increase in motor temperature 
raises rotor resistance and further reduces motor speed. For 
these reasons, tests under operating conditions are recom- 
mended for speed-sensitive drives. 

Maximum torque which a motor can develop is a factor 
which must be considered even though an anticipated over- 
load is of short duration. NEMA Design B motors should 


ADDITIONAL READING. Other articles 


129. Method of calculating flywheel effect of 


use of “heat slingers” or convecting fins, constructed and 
attached as shown in Fig. 11(B), provides protection by 
setting up a circulation of air which removes heat from the 
fins. As temperature increases, additional convecting fins 
may be added, maintaining the spacing shown. Size and 
location of holes in the fins should be proportional to di- 
ameter of the motor and its flanges, as shown. Enough 
material must be left in the fin to provide adequate me- 
chanical strength. 

Where tests of motors using either of above methods show 
that conduction of heat is increasing motor temperature 
above that recommended for the motor insulation, both 
methods should be applied. 


not be continuously loaded over 140 per cent, even though 
adequate protection for the windings is provided by use of 
special insulation. Maximum torque value beyond which a 
motor becomes unstable can be determined from the motor 
speed-torque curve provided by the manufacturer. Over- 
loads of short duration should not exceed 80 per cent of this 
maximum. 

Pulsating loads such as in a punch press are a special 
problem for which detailed application data was presented 
in an earlier article in PRODUCT ENGINEERING, “Motors for 
High Inertia Drives” April 1956 page 142. 

Electrical protection for motors carrying a continuous 
overload can be provided with special overload heater coils, 
or special control relays. If overloads in excess of 15 per 
cent are anticipated, the control manufacturer should be 
consulted. 


Other Limitations on Overload 


Unusual applications occur in which neither temperature 
rise nor ambient temperature are limiting factors in deter- 
mining maximum overload which may be safely carried. 
For example, a standard motor located in the air stream of 
a blower may operate far below its temperature rise, even 
though overloaded. In these cases other factors which de- 
termine maximum safe load must be evaluated, such as: 
shaft strength; bearing capacity; starting and maximum 
torque compared to load requirements; and effect of lower 
operating speed on load. In addition, starter rating and size 
of heater coils must be examined if the overload is to be 
carried continuously. 


H-24, starting characteristics of principal 


evaluating factors involved in selection and 
application of motors for machine-tool drives 
have appeared in earlier issues of Propuct 
ENGINEERING. A new method for selecting 
best combination of flywheel inertia and 
motor for cyclic power requirements of a 
constant-running machine such as a punch 
press, is presented in “Driving High Inertia 
Loads” April 1956 page 142, by the same 
author. 

A comparison between conventional 
NEMA motors and axial-air-gap high-inertia 
motors is made in “Axial-Air-Gap Motors for 
Machine Tool Drives” September 1955 page 
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motor rotors is also included. 

A detailed analysis of NEMA Design B, 
C, and D torque and speed ratings appears 
in “The Importance of Duty Cycle in Select- 
ing Polyphase Induction Motors” November 
1954 page 174. In addition, calculation of 
various duty-cycle elements to satisfy drive 
requirements is described. 

Starting and torque characteristics for a 
number of different types of machine-tool 
loads is discussed in “Synchronous Motor 
Drives” in the Annual Handbook Issue for 
1956 on page H-23. 

In the Annual Handbook for 1954 on page 


types of squirrel cage motors are given in 
“Significance of WK* and How to Calculate 
It. This article derives moments of inertia for 
various shaped parts and includes approxi- 
mations for calculating WK? for flywheels, 
spur or helical gears, and motor rotors. 
“How Big a Motor?” September 1952 page 
142, reviews four methods for determining 
proper mctor rating for duty-cycle operation: 
calculating from motor data, using load- 
torque tests, making metered running tests, 
and taking temperature-rise on a heat run. 
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Clock-Escapement 


Mechanisms 


Analysis of balance-wheel and run-away clock escapements; 


formulas, curves and typical applications including time devices, 


torque regulators, accelerometers, velocity indicators. 


T. K. STEELE 
Staff En 


Bulova 
Inc. 


meer, 
search and Development Laboratories, 


PRINCIPLES USED IN CLOCK ESCAPE- 
MENT MECHANISMS offer many Oppor- 
tunities in the design of commercial 
and military devices. But because of 
the miniature size of clocks and 
watches, and the lack of formal treat- 
ment of the kinematic and dynamic 
properties of these mechanisms, they 
have often been overlooked in the 
design of other products. These es- 
capement mechanisms fall into two 
categories:  balance-wheel __ escape- 
ments, such as shown in Fig. 1, and 
run-away escapements which are simi- 
lar to balance-wheel escapements but 
without the governing properties of 
the balance-wheel assembly. 

Both types can serve as timers; the 
balance-wheel escapement as a pre- 
cise timing device with an accuracy 
well within +1 per cent, and the run- 
away escapement as an  approxi- 
mate timer with an accuracy about 
+7 per cent. Typical applications of 
timers are in electric circuitry and 
military fuses. 

In addition, these mechanisms 
function as govornors to control linear 
or angular displacement, torque, and 
velocity in devices such as cams, 
clutches, brakes, gears, relays, firing 
mechanisms. 

The run-away escapement is used 
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as the basic mechanism in two impor 
tant instruments: accelerometers and 
velocity indicators. Accelerometers are 
very useful for evaluating sustained 
shock and vibration in machine tools 
and equipment. Accelerometers using 
the escapement principle are rugged 
and cheap, although their accuracy is 
limited to that of the run-away es- 
capement. As a velocity indicating 
device, the run-away escapement can 
be incorporated in aircraft and missiles 
to translate accelerating force into re- 
sulting velocity. In addition it can 
serve as an impulse metering device 
for shock loading. 


Balance-Wheel Escapement 


Timing regulation of a clock is 
based on the actions of the balance- 
wheel escapement whose principal ele- 
ments are shown in Fig. 1. Pivot 
points of the scape wheel, lever and 
balance wheel are usually in a straight 
line. The balance wheel and _hair- 
spring constitute a vibrating or swing- 
ing pendulum system with a fixed 
period. The scape wheel has an in- 
termittent clockwise rotation which 
counts the number of times the bal- 
ance wheel oscillates and also supplies 
to the balance wheel the energy it 
loses in friction and windage. 

For every complete oscillation 
(back and forth) of the balance 
wheel, the lever permits the scape 


Balance 
whee/ sewe/ 


Balance whee 
(oscillating 
motion) 


Hoirspring 


Balance orc 


™ Banking pins 


Pivot point of lever 


Pallet stones 


Scope whee 
(intermittent 
Clockwise rotation] 


/nput to scrape wheel 

is from moainspring 

and gear drive (not shown) 

Fig. 1—Principal elements of a bal- 
ance-wheel escapement mechanism. 
Balance wheel and lever constitute a 
vibrating system with a fixed period 
which governs the clockwise rotation 
of the scape wheel. 


wheel to advance one tooth. In the 
course of permitting the scape wheel 
to advance, the lever in turn transmits 
some energy to the balance wheel 
from the scape wheel. 

The mainspring (not shown in 
Fig. 1) drives the scape wheel through 
a gear train. Pallet stones are made 
of ceramic material or jewel. Although 
the balance wheel receives an impulse 
from the lever via the balance wheel 
jewel, the jewel swings much farther 
than the lever can follow so the two 
are in contact for only a portion of 
the total jewel arc of motion. The 
contact angle is called the balance arc. 

Sequence of events is shown in Fig. 
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2: As the jewel starts its downward 
travel (Fig. 2A), the banking pin 
holds the lever in just the right posi- 
tion for the jewel to miss one corner 
of the lever notch and engage the 
other. The lever at this time is re- 
strained against the banking pin by 
clockwise tension of the mainspring 
on the scape wheel. 

The jewel strikes the lever and 
drives it clockwise (Fig. 2B), which 
in turn causes the left pallet L to 
slip past the scape wheel tooth. The 
scape wheel, now begins to move 
clockwise and the top of its tooth 
gives an impulse to the bottom of the 
left pallet as it passes by (Fig. 2C). 
This gives a clockwise impulse to the 
lever which drives the jewel (instead 
of being driven by it). This impulse 
supplies energy to the balance wheel 
to maintain it in motion. 

After the scape wheel travels a 
short distance another tooth locks 
on the right pallet stone (Fig. 2D). 
The lever strikes the right banking 
pin and stops but the balance wheel 
keeps turning until its energy is over- 
come by tension in the hairspring, 
pivot friction and air resistance. The 
balance wheel has approximately a 
360 deg rotation in each direction 
as shown in Fig. 2(E). 

Pressure of the scape wheel tooth 
on the right pallet keeps the lever 
locked against the right banking pin 
because the line of action passes 
through or above the lever pivot 
point, as shown in Fig. 2(F). 

Entire sequence of movements is 
repeated when the balance wheel and 
jewel return to the lever under the 
influence of the hairspring. 


Run-Away Escapement 


If the balance wheel assembly in 
Fig. 1 was removed, the remaining 
elements would constitute a typical 
run-away escapement mechanism. The 
name characterizes the action of this 
mechanism in that the torque derived 
from the energy stored in the main- 
spring will dissipate itself as fast as 
the inertia restraints of the system 
will permit. The motion of the scape 
wheel is no longer controlled by the 
balance wheel system and consequent 
ly it will “run-away.” 

This mechanism can be used as 
a simple, rugged and relatively in 
expensive device for metering rela- 
tively short periods of time with an 
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Fig. 2—Sequence of events in a clock movement. 


accuracy about 10 to 15 per cent. 
Fig. 3 illustrates a typical run-away 
escapement system. Torque transmit- 
ted through the gear train rotates 
the scape wheel which, in turn, oscil- 
lates the pallet. The starting and stop- 
ping of the pallet as it oscillates acts 
as an inertia brake or governor on 
the rest of the system. 

In this example, the escapement 
controls the action of a cam-follower 
mechanism. The principle can be 
adapted to many other applications 
such as: Fig. 4—crude timer (5 min.) 
for closing an electric circuit; Fig. 
5—velocity indicating device used in 
computers for integrating accelera- 
tion-time functions. 

An accurate expression defining the 
motion of a run-away escapement is 
quite complex, but it is possible to ob- 
tain close accuracies with the follow 
ing assumptions: 

(1) Inertia of the driving system 
on the pallet is negligible. 

(2) Friction on the teeth of the 
pallet, scape wheel and pivots is neg- 
ligible. 

(3) Torque driving the pallet re 
mains constant for each half-cycle of 
the pallet. 

(4) Impact the 


between scape 


wheel and pallet teeth is inelastic 
thus preserving the periodicity of the 
pallet motion. 

(5) Pallet comes to rest twice in 
each cycle. 

Subscripts w and p indicate proper- 
ties of the scape wheel and pallet 
respectively. Similarly, subscripts 1 
and 2 indicate actions for the first 
half and second half of the pallet 
cycles respectively. Symbols used in 
the analysis are defined in Table I. 

Fquation defining the motion of 
the pallet is simply 


T, =Ie5e (1) 


The initial conditions at t = 0 are @ 
= 0 and dé/dt = 0. Integrating Eq 
(1) twice and applying the initial 
conditions results in 

QI pi 
i = 

Tn (2) 

Where @, and t, denote the half-cycle 
amplitude and half-cycle period re- 
spectively, and the total pallet ampli- 
tude is 6, + 0, = 2 a/n. 
Action for the second haif-cycle mo 
tion of the pallet is derived in a 
similar manner. For the case where 
motions of the first and second half- 
cycles are symmetrical, the frequency 
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Fig. 3—Run-away escapement system for 
governing the speed of a cam system 
driven by a mainspring. 


Scape 
whee/ 


(B) 


is equal to 1/2 t,, or 


- iy 

It is usually more convenient to 
express Eq (3) in terms of the geo- 
metric parameters and inertia of the 
scape wheel. Based on the initial 
assumptions, a torque acting on the 
scape wheel will cause the mechanism 
to speed from a rest condition and 
then be stopped suddenly by impact 
with the pallet. All the kinetic energy 


T 


2] 919; (3) 
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Pallet pin. 


Fig. 4—Timer for closing an electric circuit based on the mechanism in Fig. 3 
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Fig. 5 (A)—Velocity indicating device. 


If the device is mounted on an 


object traveling to the right under an acceleration force, the rack will shift 
to the left. Resistance of the escapement system and spring governs the 
motion of the rack so that its position indicates the velocity of the object a 
any time. (B) Underside of escapement mechanism 


of the scape wheel is assumed to b« 
consumed during this impact. The 
consumed energy for one pallet cycle is 


T,.(0 


Che assumption leading to Eq (6 
can be justified considering the ver 
small amount of free-travel of th« 
scape wheel between intervals of con 
tact with the pallet. A well designed 
escapement can limit this free trave! 


to about one-tenth the pitch of the 
tecth 


each 


wheel 
the the 
work done by the pallet wheel torque 


lor part of cvcle, 


can be equated to the kinetic energy 


of the scape wheel and pallet so that 


To = i BT pcos? 


obtained 
SINnce 


\ similar 
for the second half of the cycle 
the wheel is to be 


reference, the equivalent moment 


expression 1S 


scape used as thi 
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= acceleration in g’s (in./sec*/g) 
’ = frequency of pallet, rad/sec 


= moment of inertia, in.-lb-sec* 
= spring rate, lb/in. 
= number of scape wheel teeth 


= initial spring force at z = 0, lb 


wheel, in.- 
pitch radius of gear, in. 


istance, in. 





', = frequency of balance wheel, rad/sec 
= acceleration ot gravity, 386 in. /sec* 


= torsional epring constant of hairspring in balance 


ear reduction from scape wheel to mainspring 


Table I—Definition of Symbols 


t = time, sec 


~ 


arta ewR od 
eee ee | 


to hairspring 


rotation of balan 


= torque, in.-lb § 

maximum torque at the hairspring, in.-lb 
velocity, in./sec 

displacement of a rack, in. 

top face angle of scape wheel teeth, rad 

rotation of mainspring, rad 

efficiency between mating gears 

rotation of scape wheel, rad 

efficiency of energy, transmission from mainspring 


angular displacement of 


liet, rad 


valance wheel, rad 








inertia 
is 


2 
ben? +41 pw,* = joel 1-+1,(22) | (6) 


Equivalent moment of inertia I, 
referred to the scape wheel is: 


2 
I, ~16+1,( 22) 


From the original assumptions it 
follows that the following ratios are 
approximately equal: 


referred to the scape wheel 


(7) 


Ts 


Wp 


(8) 


@w 


For most cases, the ratios expressed 
by Eq (8) are not the same for each 
half-cycle of the pallet and must be 
evaluated separately. 

Toi = 41 awes* (9) 

A similar expression is obtained 
for the second half, although inertias 
I,, and I,, are not usually equal since 
w,/w. varies during each half-cycle 
of the pallet. 

Angular velocity of the scape wheel 


is 
_ (40) _ {27.0 
a Ta 
Integrating Eq (10) and using the 
initial condition @ = 0 when t = 0 


results in 
h = Aah 
1 f., 


A similar expression results for 
the second half of the pallet cycle so 
that 


l 
4h+4= 7 = qe ath +e (12) 


A geometric constant K can be 
introduced to simplify the expression 
to 


(10) 


(11) 


f = VT./K (13) 


where 
K = 1.73[(1ah:)'"® + dah)" 14) 

Based on Eqs (4) and (12) a 
mechanism can be devised to provide 
a cheap and rugged means for timing 
intervals of about 0.05 to 300 seconds 
Limitation on the timing interval 
is governed only by the amount of 
energy capable of being stored in 
the main spring. Because of the rela- 
tively inefficiency of the mechanism, 
longer intervals than 300 sec would 
require massive power springs. 

Use of the above equations is illus- 
trated with a numerical problem in 
the latter part of the article. 


Factors Affecting Accuracy 


Timing mechanisms based on the 
run-away escapment are, by their na- 
ture, crude devices for metering fixed 
amounts of time. Principal reason is 
that no means have been provided for 
accurately governing the dissipation of 
the energy stored in the mainspring. 
If the run-away escapement had a 
means for better controlling the mo- 
tion of the scape wheel, it then would 
represent an accurate device for meter- 
ing time intervals. Such a device is 
the balance wheel escapement de- 
scribed in Fig. 2. 

A well designed balance wheel 
escapement can meter time within a 
tolerance of + 1 per cent. In a watch, 
the accuracy is considerably better; 
minimum absolute accuracy is 4 cycle 
of the balance wheel. Conventional 
clock balance wheel escapements have 
a frequency of 2.5 cycles per second 
with the 15 tooth scape wheel turning 
at about 10 rpm. 

In many applications, these fre- 
quencies are too low. For example, 
consider the torque-governing system 
schematically illustrated in Fig. 6. 


Input torque T, may be a variable 
lo obtain a constant out- 
put torque T, a balance-wheel escape- 
ment is coupled to the system to ab- 
sorb the fluctuations of the input 
torque. In other words, T, = T; + 
I’, where T, varies approximately with 
I’, thus making T, approximately con- 
stant. 

Problem here is that for conven- 
tional balance wheel frequencies, the 
order of magnitude of scape wheel 
torque T, is 0.0002 in.-Ib, in all prob- 
ability too small for this application. 
Any slight variation of driving torque 
in the mechanism drive for a constant 
torque input would result in a wide 
torque range for the clock governor 
to handle. Too great a torque im- 
pulse for a specific balance wheel will 
cause overbanking. 

To obtain more equitable relation- 
ship between mechanism and gov- 
ernor torque, the balance wheel must 
operate at a higher frequency (for ex- 
ample 50 cycles per sec). This can 
be accomplished as follows: 

One of the characteristics of a bal- 
ance wheel escapement is that its tim- 
ing is virtually unaffected by discrete 
variations in mainspring torque. As 
the torque of the mainspring is low- 
ered, the frequency of the balance 
wheel and its effect on timing ac- 
curacy will decrease only slightly. 
But at exceedingly high mainspring 
torques, overbanking occurs and the 
escapement completely loses its iso- 
chronic properties. Overbanking oc- 
curs when the balance wheel swing 
is obstructed and is not allowed to 
attain its natural amplitude for a 
given scape wheel torque. At this 
condition, the balance jewel strikes 
the back of the lever thus jamming 
the motion. 

These conditions generally limit 


function 
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the mainspring torque variations in 
balance wheel escapements to about 
3:1. However, if extreme care is 
exercised, driving torque ratios in ex- 
cess of 6:1 can be designed at a slight 
sacrifice of timing accuracy. 

In addition to the problem of over- 
banking, the sensitivity of escape- 
ments to lever alignment must be 
considered. A clock is said to be “in- 
beat” when in the neutral position of 
the hairspring, the balance jewel is 
centered in the lever fork. A typical 
tolerance for this alignment is within 
+ 4 deg of this center position. Once 
the tolerance limit is exceeded, self- 
starting of the clock is jeopardized. 
This necessitates extreme care in the 
setting and subsequent handling of 
the clock escapement. Therefore, in 
designing the scape wheel, avoid over- 
banking by minimizing the torques 
and inertias. 


Scape Wheel Design 


Fig. 7 illustrates a typical scape 
wheel designed. Magnitude of angle a 
influences both the starting torque 
and the maximum permissible torque 
and should be kept as small as possible 
for satisfactory operation. Also, the 
teeth locking surfaces should direct 
the normal forces N, and N, close to 
the center of rotation of the pallet. 

As a is decreased, the energy trans- 
ferred to the balance wheel by a spe- 
cific scape wheel torque is reduced. 
This reduction in balance wheel en- 
ergy is accompanied by a decrease in 
balance wheel amplitude, which re- 
duces the possibility of overbanking. 
Also, the normal force of the pallet 
against the impulse face of the scape 
wheel is directed nearer the center 


Output geor 
Scape whee/ 


Pollet 
Balance 
whee! 


HS 


Escapement 
geor 


where To Te 


Fig. 6—Schematic of a balance-wheel es- 
capement used as a torque regulator. The 
escapement absorbs the fluctuations in in- 
put torque T) to give a constant output 
torque Ti. 
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Fig. 9—Variation of factors affecting the 
accuracy of a velocity. 


of the scape wheel. In this manner, 
the restrictive torque caused by pallet 
reaction will be minimized at starting. 

If N, passes above and N, passes 
below the center of pallet rotation, 
the resultant torque on the pallet will 
tend to draw it into the scape wheel. 
This condition will cause jamming 
under high scape wheel torques since 
the impulse of the balance wheel on 
its return stroke may not be great 
enough to withdraw the pallet. 

For optimum condition where 
both N, and N, pass through the 
center, the scape wheel will neither 
drive nor jam the lever while the 
pallet pins are engaging the teeth lock- 
ing surfaces. This design also provides 
for low running torques since the bal- 
ance wheel will need less energy to 
disengage the pins from the locking 
surfaces. Fig. 7 shows N, passing 
through the pallet center of rotation 
and N, passing slightly above. This 


gives a slight driving torque, an ad- 
vantage when tolerances accumulate. 


In the actual design of balance 
wheel escapements, of the type shown 
in Fig. 1, space and weight limitations 
determine the moment of inertias of 
the elements, the radii, number of 
teeth, pitch, angle a, angle of action 
of scape wheel with the impulse face 
of the pallet, the angular rotation of 
the mainspring and other physical di- 
mensions. Principal variables remain- 
ing are the balance wheel frequency, 
the gear reduction between the scape 
wheel and mainspring, and the tor- 
sional spring constant of the balance 
wheel hairspring. 

Desired time interval for one cycle 
of the balance wheel jewel is deter- 
mined by the equation 


BnR 
2nfs 


(15) 


For optimum functioning of the 
scape wheel over the range of main 
spring torques, it is desirable to have 
maximum balance wheel amplitude, 
just short of overbanking. Thus, the 
balance wheel will still have a suff 
ciently large amplitude at lower main 
spring torques. 

Maximum energy imparted to the 
lever by the scape wheel must not 
exceed the energy absorbed by the 
balance hairspring. Therefore 
T'm (48) 

R 

Factor » represents the percentage 
of energy actually transmitted to the 
balance wheel taking into account fric- 
tion, inertia, hairspring 
and other energy losses. For the most 
part, » would have to be determined 
experimentally after a test model is 
built. 

Thus far, Eqs (15) and (16) pre- 
sent three apparent unknowns: R, f, 
and QO. The third necessary equation 
comes from the fact that the balance 
wheel vibration system is by its nature 
simple harmonic motion. 


1 Q 
f= ays 


where I = balance wheel inertia (con- 
stant for a particular system). 
Design procedure is to choose a 
convenient gear ratio R and conse 
quently determine the balance wheel 
hairspring constant O from Eq (18). 
Once QO is determined, the balance 
wheel and escapement frequency f, 
can be found using Eq (17). Choice 
of R and f, must be compatible with 
the required time delay as related by 


Fq (15). 


1Q(A¢)* = 9- (16) 


hysteresis 


Therefore, 


(17) 


Experimental Modifications 


Small variations in pallet or scape 
wheel tooth shape can alter any pre 
determined calculations. Therefore, 
the analytical design should be veri- 
fied experimentally. After a test model 
is built the relation between the actual 
values and desired values can be ob 
tained by using the following equa 
tions where subscript e denotes the 
actual values the test 
model: 


measured in 


‘oa 
& we 
Q  T/R 
da ~ = R, 


Maximum scape wheel torque T, in 


(18) 


(19 


183 








the test model is found by using a 
hairspring which drives the balance 
wheel just short of overbanking. Com- 
bining Eqs (15), (18) and (19), and 


solving for R results in: 


a nif. \'/ TR. 
, Bn ve 


Ihe test can thus be ad 
justed to the desired time interval t 
by correcting the gear ratio 


(20) 


model 


Escapement Used as an 
Accelerometer 


Up to now, the application of es 
capements have been limited to purely 
timing functions. However, the na- 
ture of the escapement motion lends 
itself to its utilization as a second or 
der integrating accelerometer. 

Usual purpose of such an acceler 
ometer is to sense and evaluate the 
distance a body has traversed under 
the influence of an accelerating field. 
History of motion of the body prior 
to this accelerating field must be 
evaluated by other means. 

If the acceleration is constant, the 
change in distance of a body during 
a specific period of time is 


As = jag? (21) 
where the acceleration is in terms of 
number of g’s. Solving for t gives: 


‘2s 


= (22) 


From Eq (22) it can be seen that 
to be an accelerometer a mechanism 
must run for a period of time in 
versely proportional to the square root 
of the applied acceleration. The run 
away escapement is just such a 
mechanism. 

Fig. 8 (A) shows a rack coupled to 


a gear train which terminates in a run- 


Direction of 
accelerating field 


away escapement. If the accelerating 
field is in the direction shown, the 
force due to the mass of the rack will 
be opposite and against the restraint 
imposed by the escapement system. 
A latch is included in order to lock 
the system until a discrete accelera- 
tion is sensed. For the sake of sim 
plicity, it is assumed that this accel- 
eration has a mean value that is con 
stant. 

lorque exerted on this scape wheel 
is directly proportional to accelera 
tion. From Eq (13) it follows that f 


is proportional to \/T, and that 


f=K,vT, = K; Vv mga (23 


Integrating Eq (23) and using the 
initial condition that x = O when 
t O results in 


(24) 


K, Vmga 


Eq (24) has the same form as Eq 
(22) which satishes the requirements 
of a double integrating accelerometer. 
If Eqs (22) and (24) are equated, 
then s can be determined as a func- 
tion of x (independent of a): 

2 " 

ss 2mK?? @) 

Although the above example illus 

trated axial motion in a linear accel- 

erating field, the basic mechanism can 

be applied equally well to rotational 

motion of an unbalanced rotor in any 
accelerating field. 


Velocity-Indicating Device 


With the addition of a resisting 
spring, the run-away escapement can 
be transformed from an accelerometer 
into an approximate velocity indicat- 
ing device (first order integrating de- 


Lofch 


sprin 
aw Direction of 


Lotch 





Fig. 8—Schematic of an acceleromoter (A) and a velocity 


whee/ 


Pollet 


A model of the velocity indicating device is shown in Fig. 5. 


~~ @ccelerating field 


vice) as illustrated in Fig. 8 (B). Here 
the influence of an acceleration field 
would cause the rack to move at a 
certain rate so that the position of the 
rack indicates the velocity at any par 
ticular time. For example, if the de 
vice is attached (with the rack free) 
to an object falling under the in 
fluence of one g, or traveling under a 
variable acceleration, position of the 
rack would velocity. The 
velocity indicating device can be ap 
plied as integrator for rocket boosted 
vehicles as well as an impulse meter 
ing device for shock loading. 

With the addition of the spring, 
the motion of the rack as expressed in 
Eq (23) must be modified to: 


indicate 


dx 
dt 


K,Vmga — Py — kz (26 


where P, is the initial spring force at 
x = O, and k the spring rate. 

Since a is assumed to be constant, 
the variables are separable. Integrating 
Eq (26) and applying the initial con 
ditions of x O when t = O results 
in 


Kkt 
4 


r = K,tvmga — P, 


Velocity of the body under a con 
stant acceleration is v a g t. Using 
the value of t from this expression into 
Eq (27) results in a quadratic equa 
tion whose solution is 


2ag 


Kk 


y= Vmga — P 


| kx ; 
[ ™ y' - mga — Ps 28 


Limitation on displacement is gov- 
erned by the fact that the expression 
under the radical of Eq (26) cannot 


Bias spring 


—— Poller 


indicating device (B) using a run-away escapement system. 
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be negative, so that x... is equal to 


mee P 9 

Similarly, the limitation on the 
time interval is found by solving Eq 
(27) for t and using the value of 
Xmax from Eq (29): 


2Vmga — P. 
kK, 


In order for I q 37) to be more worl 


2) 


Ratio v/Ks 


Rotio a/a 


' 
Fig. 7—Magnitude of angle a and direc- 
tion of normal forces N; and Nz influence 
the torque relationship between 
wheel and lever 


scape 


able the following transformations are 
made: 


kr K ymga 31 
m= Kau 32 


where K, and K, 
and a, the minimum acceleration that 
may Inserting the 
P, and kx-into Eq (28) and simplify 


ing gives 


are equating ratio 


occur. values of 


a 7 
— K, 


a, 


For any specific mechanism, the values 
of x, K,, m, a,, K, and K, are constant 
so that v is a function of the accelera 
tion a only. The sum K, + K, must 
be less than one, as can be noted from 
Eq (26). Actually, the sum is seldom 
higher than 0.8. 

Fig. 9 shows the variation of v with 
a/a, based on Eq (40), when K, 
0.2 and K, = O,0.3 and 0.6. For this 
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typical case, Eq becomes 


1Qu ag 
Ky m 


Fig. 9 indicates that for minimum 
variation in velocity during a 3:1 ac 
celeration change a spring with a con 
stant of K, 0.6 should be used. The 
variation in then be 
minus 4 per cent for the 2:1 accelera 


velocity will 
tion range and plus 8 per cent for the 
3:1 
tions can be reduced by trying bette: 
combinations of K, and K, over a de 


acceleration range. These varia 


sired acceleration range. 


Sample Calculations 


Known factors in the design of a 
typical velocity measuring escapement 
0.10 Ib; a, 

0.2 Ib/in 


are: x = 1.0 in.; mg 
"oe > - f 

10 g's; P, 0.6 Ib; k 

a/a,)max Ps 

From Eq (31 


K, = 


K; 10 


Referring to Fig. 8(B), let it be as 


sumed that 

], = scape wheel inertia 
= 0.3 X 10~* in-lb-sec* 

: = pallet inertia = 1.0 X 10~° in-lb-sec’ 

; = gear inertia = 0.25 X 10~* in-lb-sec? 
= rack inertia = 2.0 X 10~* in-lb-sec* 

« = mesh efficiency between each pair of 
gears = 0.9 

that 


Furthermore, let it be assumed 


w,/o, = 4, and that 


@,/ Ws 


=} =13 
@i . 

( = ) = 1.0 (second half of cycle) 
@) . 


follow S 


first half of cycle 


From Eqs and ove 


that 


\ similar expression for I,, can also 
Inserting the numerical 
2.516x 10 


be obtained. 
values results in I., 
des 2.070 x 10° 
Assume also that 6, 
A, 0.15 rad, then K 
14). Now 


0.12 rad and 
1.565 x 10" 


from Eq 


0.] 


linear velo 


where 1 pitch radius of gear 
in. for this example; \ 
ity of rack, 
velocity of gear and scape wheel, rad 
sec. From the natural motion of the 
escapement, #, can be determined as 
a function of the pallet frequency, f, 
wheel teeth, 


angular 


and 7) w 


ind the number of scape 


n 


Where n is obtained from a modifica 


tion of Eq 4 


2a 
23.3 24 


0.27 


lherefore, the pailet frequency is 


38.3: 
Constant K, can be determined as 
i function of K, 
(18) 


by equating Eqs 
13) and 


» . vr = & 27 
K: = 353K, : 


Constant K be evaluated 


using Eq (42 


now Can 


| (10) (32.2)* 
0.1 


0)(1 
a 610 


K, = = 


From the curve of Fig. 9 for K, = 0.6 
the values of v/K, for a/a, of | 
2 to be 0.185 and 0.1 
Therefore the de 
of velocity over a 2:1 acceleration 
range is 113 ft/sec to 108 ft 
about a 4.4 per cent vanation 


and 


are found 


respectively viation 


sec Ol 
This 
. 9 1] tab} f 1 
variation 1s usually iccep- ible for ap 
plications in the field of aircraft and 
missiles 


EDITOR’S NOTE—Additional informa 
tion on the design of escapements and 
other impulse devices may be found in 
“The Science of Clocks and Watches,” by 
A. L. Rawlings, Pitman Publishing Corp 
New York 1948. The book also discusses 
the dissipation of energy by a swinging 
pendulum, accuracy of balance-wheel 


movements, and friction and lubrication 


in clock mechanisms 








Design Hints 


for Laminated 








Tension 


Compression 











Bending 











Fig. 1—Direction of loading in relation to laminations is 


important. 


Designs in which loads tend to separate or 


buckle laminations should be avoided wherever possible. 


ro 


/ Pol St -o f-/.5t 
J @ 


ed 


Minimum 
Orr 


Fig. 4—Punched holes should al- 
ways be located with at least 1.5 t 
between hole and edge of mate- 
rial. Hole diameter should never 
be less than thickness of sheet; 
punch breakage is liable to occur 
for smaller diameters. 


Fig. 5—Irregularly shaped holes 
should be avoided unless the piece 
is thin enough to allow the holes 
to be punched. Special tools or 
additional operations are necessary 
for irregular holes in thick mate- 


Fig. 6—Tapped, blind holes 
require a clearance of two 
or three times thread pitch 
at bottom of hole, other- 
wise threads will be stripped 
or slight delamination will 
occur. 


Fig. 2—Width of milled slots should be 
greater than depth, otherwise ridge be- 
tween slots is liable to split or break off 
entirely. Also, milled slots should not 
be stopped with square corners. Allow 
bottom of slot to emerge to surface with 
natural contour of cutter. 


/ Not 


recommended Preferred 


Fig. 3—Slot ends should be designed 
with rounded or radial end rather 
than square whenever possible. This 
permits use of end milling cutters to 
avoid added cost of filing and other 
finishing. 


Shove or ream first Then tap 


Fig. 7—Tapped holes should be 
shaved or reamed before tapping 
otherwise edge of threads will be 
rough and a screw insert may not fit 
properly. Tapping should not be 
specified closer than a class 2 fit with 
65 per cent to 70 per cent thread. 
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For economical production, thermosetting resins with laminar 
fillers require special considerations in design 


Plastics 


GEORGE A. EBELIJARE, 


Fabricating General Manager, Synthane Corporation 








Fig. 9—Corners on punched parts 

Clamps should be rounded to avoid frac- 
tures. Sharp outside corner frac- 

tures may extend to about 1/3 mate- 

rial thickness from punched edge 

(varying with grade and die clear- 

ance.) If square corners are es- 

sential part may be punched large 

and fractures removed by shaving 


Satisfactory 





Squore corners Outside corners 


Clamps rounded 

















Clamps Not satisfactory 
Amin —w» - 

Fig. 8—Holes parallel to laminations 

should have ample wall thickness, Fig. 10—Insulating washers in which center washer is 
especially where subsequent pressure, partly punched through should have outer wall width 
as from screw, might separate lamina- in excess of twice laminate thickness; inner wall width 
tions. Work should always be clamped should be at least equal to laminate thickness. Both 
tightly when drilling and tapping. walls may split if not wide enough. Inner washer may 

pop out if punched more than half-way through. 


Upset rivet Lominote 


Fig. 11—Fastening and joining. (A) screw applications where the mini- 
Tendency of rivets to pull through mum recommended thickness for 
thin laminates may be reduced by countersinking cannot be met. (C) 
using a flat washer under upset head Countersinking details, including 
(A) where upset head is on plastic side. Table II giving the minimum thick- 
Washers reduce possibility of crack- ness of laminations for various rivet 
ing in applications where minimum and screw sizes. 
recommended edge distances cannot 
Lominote be met and upset head is on plastic 
Metal side. Allow more edge distance Nominal min 
(Table I) for riveted parts than thickness for 
shown in Fig. 3 to avoid splitting eee 


during riveting. Also limit rivet 
ewer diameter to 5/32 in. or less. (B) 
Dimpled washers are useful for flush 

Approx. 0.032" aad 


Table I - Edge Distance for Riveted Holes thickness beyond 
: c’sinking depth 





Dimbled washer Flat-head screw 


C'sinking depth 











} Edge 
Rivet | Thick = : 
ol | of — ~a = Table II - Minimum Thickness for Countersinking 





—$+- T ae T 
| 


Rivet size, in Vso “‘e 2 | “ie 
; ’ 
Over /e | “a — a 


“eq or less %/32 








%e or less % Screw size | #4 *6 





Over “ie ie — iM 6 ee ee 
T Min. nom. thick | 

4 for 100° c'sinking | 0.070 | 0.080 | 0.080 | 0.090 | 0.090 | 0.100 | 0.10 | 0125 | 0.140! 0190 0.220 | 0.225 
Over (in) | | 





Vg or less 





| 











= oe aS 


| 
| 
— 4 4 4 
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Fig. 1—High power tube filaments (A) show expansion match 
seal between tungsten and glass. Oxidation of metal must be 
closely controlled before sealing to avoid weakening joint by 
scaling as temperature changes. (B) shows section of high 
voltage X-ray tube with Kovar metal rings precisely spaced by 
glass. Thermal coefficient match is required to maintain joint 
integrity during diametral expansion. Tube contains up to 300 
Kovar rings. 


Glass-to-Metal Seals 


Five types of seals, design factors in selecting glass-to-metal 


seals, alternates 


THOMAS H. MARINER 


Sales Engineer, New Products Division 
Corning Glass Works 


GLASS AND METAL are normally considered distinctly dif 
ferent engineering materials. Glass is an amorphou 
“frozen liquid” extremely strong under hydrostatic loading 
Metals are crystalline structures which flow under pres 
sure. When a metal must be sealed to a glass, the char 
acteristics of each as a fusing and bonding material must 
be compatible. 

With certain exceptions, glass-to-metal seals should mect 
the following conditions: 

(1) The glass should wet and adhere to the metal, 

(2) Linear expansion of glass and metal should closel\ 
match over a wide temperature range, 

(3) Thermal critical points of the metal must lie outside 
the service temperature range, and 

(4) Glass should not reboil nor metal de-gas during 
sealing. 

While the light bulb seal was easily achieved, the seal 
ing of other glass-metal combinations proved more diff 
cult. Glasses other than the lime type, such as lead, boro- 
silicate and 96 per cent silica were thought to requirc 
gaskets for sealing to metals. Now, direct sealing of 
these glasses to metals is economically feasible by several 
techniques which are discussed individually. 


188 


to gasketed 


sight glass assemblies. 


\ glass-to-metal seal will be one of the following five 
types 

Expansion match seals are fusion joints between glass 
and metal where the linear coefficient of both materials 
are identical, or nearly so. In practice, exact coefficient 
matches are difficult to achieve. Even the so-called high 
expansion types such as soda lime and high lead glasses 
have low coefficients compared to metals. Usually, the 
metal component material has already been selected, and 
the closest matching glass must be accepted. However, 
when a selection of metal is possible, matching combina 
tions of metal and glass may be selected from the table. 

rhe nature of the bond between glass and metal is not 
vet completely understood; however, the strength of the 
interface bond is believed to depend upon the availability 
of oxygen to the two surfaces during sealing. Oxygen 
is present in the oxide coating on the metal, and will par- 
tially dissolve into the glass. Strength and hermetic 
integrity are highest when a thin, strongly adherent oxide 
coating remains at the interface. A thick oxide coating 
tends to scale from the metal, weakening the seal. Ex 
amples of expansion match seals are shown in Fig. 1. 


Housekeeper-type seals (so named from the physicist 
who developed the technique) permit sealing metal and 
glass of different expansion coefficients. Key to this tech 
nique is thin sections and low modulus metals which 
allow dimensional changes to occur by deflection without 
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Fig. 2 


Lower portion 


high power vacuum 


tube (A) uses Houskeeper-type seal between thin 
copper base and non-matching glass enclosure 
Difference in diametral expansion is absorbed by 
flexing of copper tube. (B) Aluminum tube sealed 


to un-matched glass by 


GLASS-METAL COMBINATIONS FOR EXPANSION MATCH 


Houskeeper technique. 


SEALS 





Metal or Alloy 


Cold-rolled steel, 
AISI-C1010 
SAE-1010 

17 per cent 

chrome iron 


28 per cent 
chrome iron 


Platinum 


Clad wire, 
Core: 42%Ni, 58%Fe 
Sheath: Cu 


Nickel-chrome-iron 
42% Ni 
6% Cr 
52% Fe 
Nickel-cobalt-iron 
28% Ni 
18% Co 
53% Fe 


Molybdenum 


Tungsten 


Copper 





Trade Name or Type 


Other grades of soft 
steel or iron also 
used. 


Allegheny Telemet 


Allegheny Sealmet-1 
Ascaloy—446 
Carpenter—27 


Dumet 


Sylvania No. 4 
Allegheny Sealmet 4C-4 
Carpenter-426 


Kovar 
Femico 
Rodar 


Oxygen-free, 
high-conductivity grade 





Matching Glass 
Corning 


1990 
1991 


0010 
0080 
0120 
7570 
8160 
9010 


7040 
7050 
7052 
7055 
8830 


7040 
7052 


3320 
7050 
7720 
8830 


Most glasses 





Remarks 


Tends to oxidize excessively Plating with 
copper, chromium or silver often used to 
prevent oxidation 


Used in TV picture tubes as a ring seal 
outside a glass plate of lower expansion 


Used in TV picture tubes. Alloy should be 
pre-oxidized in wet hydrogen gas 


Used mainly for scientific apparatus 
Pre-oxidizing unnecessary. 


Wire size limited to 0.020 in. diameter 
Surface usually coated with borax to 
reduce oxidation 


Suitable for large seals. Alloy should 
be pre-oxidized in wet hydrogen gas 


Low-expansion sealing alloy. Should be 
annealed after cold-working and pre 
oxidized in wet hydrogen gas 


Metal rods ground and polished. Clean in 
fused nitrite. Avoid over-oxidation. 


Same as for molybdenum 


Housekeeper technique preferred. Avoid 
over-oxidation. 





failure. 


For example, a metal tube is scarfed at one end 


Graded seals are short sections of glass 


tubing made 


to provide a wedge-shaped section only a few mils thick 
at the edge. The seal is made by initially beading this 
edge with “solder” glass, then sealing a tube of matching 
glass to the bead. Care must be taken to avoid over- 
oxidation of the metal tube. Two Housekeeper seals arc 
illustrated in Fig. 2; this type seal is primarily used in 
glass-to-metal tubing arrangements. 
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up of thin layers—each with different thermal coefficients 
in descending order. Firing these layers together yields 
an intermediate link which permits joining a glass and 
metal whose coefhcients differ widely. The X-ray tube 
cathode (A) in Fig. 3 shows the graded sealing of two 
such materials. A special type of graded seal made of 


powdered glasses, shown in (B), is presently being used 
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Application of glass-to-metal seals to 
refrigerant fittings and coffee urn illus- 
trate principles of proper seal selection. 


EXAMPLE: A sight glass was re- 
quired for a refrigerant line. The first 
model used a gasket seal. Several ma- 
terials were tried, but the refrigerant 
attacked the gasket resulting in leakage. 
An expansion match seal was tried: a 
window fused in a Kovar ring was 
simply soldered into the fitting. Al- 
though an improvement, this sight glass 


could not be used above the solder melt- 
ing point, and high pressures caused 
failure at the soldered joint. The Hous- 
keeper seal could not be used because 
of excessive metal thickness. 


SOLUTION: An internal seal as 
shown in Fig. 4(B); extraneous materials 
were eliminated and a pressure safety 
factor of 10 obtained. 


EXAMPLE: A coffee urn design speci- 
fied a sight glass; an internal seal 


seemed to be the solution. However, 
the sight glass had to be mounted in a 
compound metal assembly previously 
silver-brazed together. Since the tem- 
perature reached during the installation 
of the window exceeded that of the 
silver solder, the internal seal could not 
be used. 


SOLUTION: A_ metallized window 
similar to that in Fig. 5(B) soldered in 
place with a relatively low-temperature 
solder. 








to seal tungsten wire to Vycor brand glass. This is an 
extremely low expansion glass used in ultra-violet ray 
tubes for its high transmission in the ultra-violet range. 

A new seal has been developed for use where conditions 
do not permit either an expansion match or Housekeeper- 
type seal. Termed internal seals, these combinations are 
primarily used for sight glasses where gaskets are unde- 
sirable. The wide size range possible with internal seals 
is illustrated by the 2 in. pipe fitting and 44 in. sight 
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Fig. 3—Graded seal in X-ray cathode tube (A) 
joins Kovar through four grades of glass to 
Corning 7740 Pyrex brand glass. (B) Bands of 
powdered glass, each with a different expan- 
sion coefficient, are pressed together and fired 
for this special graded seal; used in difficult 
applications where a metal of high expansion 
must be joined to a glass of low expansion 


Fig. 4—Two varieties of internal seals for sight 
glasses are shown in (A). Neither solder nor 
gasket is required; glass is hermetically sealed 
to the metal. Large window has 4} in. di- 
ameter; plug is ~ in. pipe size. (B) Brass 
refrigeration line fittings with internally sealed 
sight glasses. This design gave safety factor 
of 10 on line pressure. Other feasible metals 
include stainless and carbon steels. 


glass shown at (A) in Fig. 4; refrigeration equipment fit- 
tings (B), show the advantage of internal seals in appli- 
cations where space is limited. 


Pressure between glass and metal in the internal seal 
produces frictional forces sufficient to withstand extreme 
lateral pressures. For example, one design with a glass 
element 3 in. diameter and 0.040 in. thick withstood 
a test pressure of 30,000 psi. Failure of internal seals 
under pressure is characterized by crazing of the glass 
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Fig. 5—(A) Metallized glass lens ready for 
soldering into sheet metal bezel. Semi-rigid 
frame minimizes stresses in glass and glass- 
metal bond since loads from primary struc- 
ture are not transmitted to lens. Metallized 
seals are not necessarily hermetic. (B) 
shows electrical stand-off bushings being 
soldered in place. Iron does not touch 
metallized film; solder is feathered away 
from metallizing. Caps or flanges may be 
similarly attached to glass tubing. 


rather than by blowout, suggesting the use of this type 
seal for permanent record of overpressure. 


Metallized glass seals reverse the Housekeeper prin- 
ciple by applying the metal to the glass. A “paint” is 
applied made from finely divided particles of a noble 
metal such as silver, together with glass fluxes suspended 
in an essential oil. Although the silver-flux mixture 
migrates into the glass upon heating, enough metal re- 
mains to present a base for plating additional metal. As 
in all Housekeeper-type seals, the metal thickness cannot 
be great (not over 0.002 in.) or the metal will spall from 
the glass. However, this thin film presents a good work- 
ing base for soldering the glass element to other metal 
parts as shown by the two applications in Fig. 5 

Metallized glass technique is used for purposes other 
than mechanical support by combining the electrical con- 
ductivity of the metal film with the non-conductivity of 
glass. Precise inductances for high frequency tuning ap- 
plications, like the one shown at (A) in Fig. 6, are pro- 
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Fig. 6—Metallized glass inductance (A) 
with soldered leads. Combination of selected 
glass and fired-on conductor is valuable for 
high-frequency tuning applications requiring 
temperature stability and low loss. Printed 
circuit on Fotoceram, a photosensitive glass 
is shown in (B). A developed image shows 
preferential solubility, thus 
etched circuit pattern can be metallized to 
give flush surface and minute terminal holes 
can be cut. 


acid precisely 


duced by metallizing glass tubing and etching away un 
desired metal. These inductances have negligible drift 
under wide fluctuations in service temperature. Printed 
circuits metallized on Fotoceram glass, as in (B) of Fig. 6, 
may be used at temperatures up to 480 F. 


Combinations of sealing methods are often required 
The high power tube filament seal in Fig. 1 (A), for ex 
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Fig. 7—Relay actuator bars (A) tipped with 
glass to withstand elevated temperature 
service and provide hard, smooth bearing 
surfaces. (B) Experimental glass-enclosed 
relay for elevated temperature operation. 
Note metallized band at bottom for closure. 
Transparent case simplifies trouble-shooting. 


ample, combines the expansion match and the graded seal 
The glass matching tungsten has a very low thermal ex- 
pansion coefficient compared to the glass bulb which will 
be joined to the bell surrounding the filament leads; hence 
a graded seal is used to make the transition. The X-ray 
cathode of Fig. 3(A) is joined to a graded seal by a House- 
keeper-type seal. 

Design factors in selecting glass-to-metal seals: (1) Metal 
should be selected to fit the glass. Although there are 
thousands of glasses from which to choose, the variation 
in expansion coefficients is much narrower than for metals. 
(2) Metal mass controls the choice if an expansion match 
cannot be made, Large metal masses dictate internal seals; 
thin sections permit use of Housekeeper or metallized 
glass seals. (3) Metals of high thermal conductivity should 
be chosen to keep heat away from glass if installation or 
service temperatures are high. (4) High pressures indicate 
the use of either expansion match or internal seals. 


Trends: The properties of metals are well known; glass, 


with its unique properties, is gaining wider acceptance as 
in engineering material. Using proper glass-to-metal sealing 
techniques, combinations of the two can provide an 


economical and often unique solution to many design 
problems. For example, many electrical relays are now re 
quired to function at temperatures as high as 750 F. 
Organic insulators such as epoxys and phenolics will not 
withstand these temperatures, and are in many instances 


being replaced with glass, as shown in Fig. 7. The relay 


actuator bars shown in (A) have their bearing points 
tipped with glass. The experimental relay shown in (B) 
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replaces the usual soft-soldered hermetic metal can with 
an all-glass enclosure, metallized at the bottom for 
closure by silver brazing. 

Fixed capacitors are being made of expansion matched 
glass and metal layers fused into monolithic unit. Metal 
ized glass inductances are stable at high temperatures and 
exhibit a very low dielectric loss. Resistors and trimmer- 
capacitors are also made from glass-to-metal combinations 
for similar reasons. 

If material specifications call for good electrical in 
sulation, transparency, resistance to high temperatures or 
thermal shock, and corrosion resistance, a glass-to-metal 
seal may be the solution. 


EDITOR’S NOTE—Previous articles in Product Engineering 
of use in designing glass and metal components include the 
following: 

“New Industrial Glass,” June 1955 page 129 
Good introduction to glass as an engineering material. Prop 
erties are tabulated for 5 main glass types, including a new 
96 per cent silica composition for high temperatures. 

“Glass-to-Metal Hermetically Sealed Terminals,” February 
1955 page 180. Improvements in strength and reliability of 
this type terminal have greatly increased applicability, par- 
ticularly in miniaturization problems. Types of terminals and 
methods of application. 

“Vibration Damping Characteristics of Glass Fiber Cushion- 
ing,” February 1954 page 200. Charts showing load-deflection 
characteristics of glass fiber mat, hysteresis, transmissibility- 
frequency characteristic, shear strength data and effects of 
temperature on performance. 

“Methods of Attaching Glass to Metal Structures,” July 
1952 page 166. Diagrams detailing pipe joints, sight glasses, 
threaded joints and O-ring seals. 


Uses for 
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Limitations on 


SYMBOLS 


= follower overhang, in ( 4 | ) } I Tress i | i — 
= follower bearing length, in. 

= force normal to cam surface, |b 

= force along the centerline of the stem axis 


= total external load on follower (includes 
weight, work loads that the follower is 


operating, spring, inertia, friction), lb A i } les 
moment, in.-lb 


force normal to the follower stem 
= radius of follower stem 
pressure angle, deg 
maximum pressure angle, deg 
= coefficient of friction between follower 


stem and its guide bearing tion of forces in the cam follower. Four types of cam 


Selection of maximum pressure angle based on distribu- 


followers are analyzed: overhead, system with a sec- 


a ondary follower, flat-faced follower, oscillating roller. 
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Pe— ONE OF THE INITIAL STEPS in cam design is the selection 





of a maximum pressure angle. This decision is usually 





performed somewhat arbitrarily and is based on judgment 
and experience. The selection will affect the size, contour, 
operating speed, wear and life of the cam The effect 
of the maximum pressure angle on all these factors has 
been analyzed mathematically in detail (see Editor's Not 
at the end of this article) but little attempt has been 
made to analyze mathematically the factors that limit 
the maximum value of the pressure angle 

Limitations on the pressure angle are primarily caused 
by the distribution of forces in the follower. Referring 
to Fig. 1, pressure angle a is the angle between the center 
line of the follower and the normal to the cam surface 
at the point of contact between follower and roller 

If the cam in Fig. 1 has a pressure angle of 45 deg at one 
point of its motion, it can be seen that there is a strong 
possibility that the clockwise rotation of the cam would 
not cause the follower to rise but to jam against the 
guides causing bending in the follower stem. 

Standard practice has been to arbitrarily limit the pre 
sure angle to 30 deg. Then after the type of motion 
parabolic, harmonic, etc.) and the operating speed of 
the cam is selected, the effect of the 30 deg pressure angk 
on various cam factors is analyzed. If the analysis predicts 
some undesirable effects such as high stresses in the cam 
surface or jumping of the cam follower, the pressure 
= angle is reduced. If the analysis, however, validates th« 
‘ ; initial decision, the maximum pressure angle is accepted 
Fig. re the pressure angle a influences the size, 


operating speed and wear life of the cam, it is in turn and the design proceeds to the next stage 
influenced by the distribution of forces in the follower. It might have been quite possible and desirable, in 
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~Primary follower 


Fig. 2—Cam system with a secondary follower has little side thrust against 
the stem bearing; therefore, jamming of the follower is almost impossible. 


the above case to use a pressure angle larger than 30 
degrees. In a recent article, “Minimum Cam Size as 
Determined by Pressure Angle,” Product Engineering, 
July 1956 page 141, it was shown that an increase in 
the pressure angle can directly reduce the cam size, while 
keeping its contour similar. If the overhang of the cam 
follower is small, and the cam follower rigid, the maximum 
pressure angle may be increased to 40 or even 50 degrees. 


Effect of Side Thrust 


In the following equations it will be shown that the 
pressure angle is limited by the length of the follower 
overhang, its guide bearing length, the rigidity of the 
follower stem, and the coefficient of friction between 
the follower stem and the guide bearing. 

It is safe to assume that the friction in the follower 
roller bearing is negligible—especially with the modern 
tendency to use anti-friction roller or ball bearings (see 
“Design of Cam Followers,” September 1956 page 197). 
Referring to Fig. 1, the sum of the forces along the verti- 
cal axis (the y-axis) must equal zero: 


F, = F cosa — L — pNi — uN, = 0 (1) 
If points p and q are the intersections of N, and N, 
with the follower stem centerline, the sum of the moments 
around each point will be 
M, =0 = — FAsina + NiB — uNiR + uN2R (2) 
M, =0 = —F(A+B)sina +N,B — uNiR + uN2R (3) 
Assuming that the difference: between N,R and N,R 
is almost zero, the last two terms in Eqs (2) and (3) 
cancel each other out and the equations reduce to: 
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Fig. 3—Pressure angle in a flat-faced follower 
is always zero. Side thrust is negligible. 


Ni = A F sin @ 


B 


A+B 


N; = RB F sine (5) 


to eliminate 


Substituting Eqs (4) and (5) into Eq (1 
the N, and N, terms results in: 


Pease —L— a (4 


Rearranging terms gives: 


A+B 


F sina + B F sina) ~0 (6) 


L 
- (7) 
COS @ ( s8 +5 sin @ 
al B 
If the denominator of Eq (7) is equal to zero, force F 


becomes infinite. In other words the follower will jam 
in its guide when the following condition exists: 


cosa — (AFF sina =0 


B 

u(2A + B) 

Eq (8) will generally give higher values for the pressure 
angle than are usually selected. For example if A is 
approximately equal to B and the values for the coefficient 
of friction of bronze on steel is: (kinetic) = 0.10, and 
(static) = 0.15; then, from Eq (8) the maximum pres- 
sure angle for each condition is: 


Fe= 


a, = tan (8) 


a = tan 


300.10) ~ “35 deg 


a, = tan! 


3(0.15) = © dee 
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Oscillating 
 § follower 








Fig. 4—It is almost impossible to cause jamming in a cam 
system with an oscillating follower. Therefore, size of cam can 


be greatly reduced. 


Derivation of Eq (8) is based on the ideal assumption 
that the stem of the follower is perfectly rigid. A flexible 
stem may dig into the lower corner of the bearing. Thus 
the coefficient of friction for the above case may actually 
reach a value of 0.25 or more depending upon the flexi- 
bility of the follower stem and upon the amount of 
clearance (backlash) between stem and stem bearing. 

Therefore, the coefficient of friction », the follower 
overhang A, and the bearing clearance should be kept 
as small as possible, and the bearing length B as large as 
possible. Ball bushings for the linear moving stem are 
commercially available to give very low friction and back- 
lash. In addition, the follower stem should be made 
rigid. Fulfilling these requirements will give the largest 
pressure angle and the smoothest follower action possible. 
With light loads and low-friction bearings the author has 
successfully used pressure angles as high as 474 degrees. 

Jamming of the follower is only of concern when the 
follower moves in a direction opposite to that of the 
external load L. Referring to Fig. 1, jamming occurs 
during the rise period only. During the fall period, the 
size of the maximum pressure angle is generally not limited. 
However, there are cases whether the follower has driven 
the cam during the fall action. For example, with a 
chain-driven cam, a spring-loaded follower dropping on 
an excessive pressure angle of fall, can produce detrimental 
shock and fluctuating action especially if there is sub- 
stantial clearance between the follower and its guide. 

In changing from rise to fall, the reactions N, and N, 
will reverse their directions to the other side of the fol- 
lower stem. This necessitates that the clearance between 
the follower and its bearing guide cshould be kept to a 
minimum to limit the noise and shock. 
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All of the foregoing discussion refers to an offset fol- 
lower as well although mathematical relations are not 
shown because of their complexity. The advantage of 
offsetting is that the pressure angle may be reduced during 
that portion of the action (rise or fall) which has the 
detrimental side thrust. Furthermore, decreasing the 
pressure angle in one portion increases the pressure angle 
in other less important portions of the cam action. Almost 
complete elimination in pressure-angle side thrust may be 
accomplished by using a secondary follower such as 
shown in Fig. 2. In this design the undesirable force 
components are prevented from jamming the follower 
and producing wear. 


Flat-Faced Followers 


Side thrust or jamming effect on flat-faced followers is 
inconsequential compared to roller followers because the 
pressure angle is zero. A flat-faced follower is shown in 
Fig. 3 with normal forces N, and N,. Direction of N 
and N, varies depending on whether the eccentricity q is 
on the right or left of the cam centerline. The pressure 
angle is zero at all times because the normal force F is 
always parallel to the cam centerline. Thus the cam 
size can be much smaller than if a roller follower is used. 

Jamming of the follower is caused only by the net effect 
of the opposing moments of forces F and »F. Although 
for best performance, the ratio B/A should be kept large, 
coefficient of friction » and eccentricity q ‘hould be kept 
small, and the rod rigidity as high as possible, these 
factors are not critical compared with the roller follower— 
which is an inherent advantage of the flat-faced follower 


Oscillating Roller Follower 


The oscillating roller follower in Fig. 4 is an improve- 
ment over the flat-faced follower in that the distribution 
of forces allows a much larger limiting pressure angle for 
satisfactory performance. Thus, with an oscillating fol- 
lower, a smaller cam may be used. 

For best performance and highest accuracy the arc 
of motion should pass near or through the cam center. 
Also, by proper location of the follower pivot, it becomes 
virtually impossible to jam the follower, no matter how 
steep the cam surface. The extreme limiting condition 
is to make the pressure angle small enough to prevent the 
cam normal force from passing through the follower 
pivot. This often requires frequent trials by layout to 
establish the best dimensional proportions under the 
given design conditions. 


EDITOR’S NOTE—Effect of the maximum pressure angle on 
various cam design factors has been analyzed in recent articles: 

“Minimum Cam Size as Determined by Pressure Angle,” July 
1956 page 141. 

“Plate Cam Design—Evaluating Dynamic Loads,” January 
1956 page 179. Evaluating the inertia loads on the cam system 
when the cam profile, speed and pressure angle are known. 

“Plate Cam Design—Pressure Angle Analysis,” May 1955 
page 155. Relationship between pressure angle, type of cam 
profile (cycloidal, harmonic, eight-power polynomial) and 
allowable compression stresses in a plate cam. 

“When Will a Cam Follower Jump,” July 1954 page 156. 

See also recent text “Cams—Design, Dynamics, and Accuracy,” 
reviewed December 1956 page 361. 
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HYDRAULIC 
CONTROL 
VALVES 


Following the first article in this 
series on relief valves which ap- 
peared in December 1956 this 
installment describes counterbal- 
ance valves, sequence valves, un- 
loading valves, and pressure 
reducing valves. Construction 
details, operational idiosyncra- 
sies, drainage and circuit ap- 


plication are included. 


[I{—Pressure Control Valves 


ALL PRESSURE CONTROL VALVES, including relief valves, 
are basically two-way valves held normally open or closed 
by a spring or equivalent device (counterweights or pneu- 
matic balance). Either input, output or external pilot 
pressure may be used to control the valve by aiding or 
inhibiting spring force depending on the desired function. 

Variations on the basic pressure control valve include 
compounding with check valves, providing alternate flow 
paths, or inverting the pilot connections to achieve special- 
ized functions. Each application requires special consider- 
ation of the consequences of failure of the valve or of 
other components in the system. Every valve must be 
properly drained of clearance flow or it will not function 
as planned. 


COUNTERBALANCE TYPE 


Quoting from the glossary of terms for fluid power as 
published by the National Fluid Power Association, 
“VALVE, COUNTERBALANCE—A valve which main- 
tains resistance against flow in one direction but permits 
free flow in the other. Usually connected to the outlet 
of a double acting cylinder to support its weight or prevent 
uncontrolled movement.” Fig. 1 is an example of this 
type of circuit. 

When the piston is lifted the counterbalance valve 
offers no obstruction to flow since the integral check 
valve permits free flow in this direction. When lowering. 
fluid coming out of the cylinder is controlled at a set 
minimum pressure by the pressure actuated segment of 
the valve. This means that the piston must be “pumped” 
down. 

Flow from the counterbalance valve is usually connected 
through the directional control to tank. This permits 
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the spring pocket to be internally drained saving piping 
and eliminating potential external leakage as shown in 
Fig. 2. Note that when the cylinder is lifting pressurc 
is applied in the spring pocket of the pressure actuated 
segment of this valve closing it off tight. Reverse flow 
must go through the integral check. 

When lowering, the check valve closes, so that flow 
is controlled by the pressure actuated segment which 
will not open until a set pressure is built up under the 
piston. The downstream or outlet port of the counter- 
balance valve is directed to tank so that the internal drain 
is also to tank and the pressure actuated segment of the 


Counterbalonce 
valve 


A 


/ Directional 
valve 


Pressure, —J 


Fig. 1—Typical application of a counterbalance valve. 
Pressure actuated segment is set to open at or above the 
pressure generated in the trapped fluid under the piston 
by the load weight. To lower the weight the piston will 
then have to be “pumped” down. 
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Use plug for 
external pilot type 


Pressure 
adjustment 














/ntegral check valve 


Auxiliary 
external drain 


Omit, for models * 
using interna/ 
drain 
4 A 


Secondory Primory 


Fig. 2—Two sections of a counterbalance valve using in- 
ternal drain. External connection to spring pocket is 
plugged and internal connection goes to secondary. 


valve operates in a normal manner. 

The actuating mechanism of the counterbal 
ance valve may be operated from a control line 
internally connected to the primary port or from 
an external source. The direct operating typ: 
wherein the pressure is connected internally is 
generally used where it is desired to prevent 
uncontrolled movement of the cylinder. 

A relatively light circuit may depend on the 
counterbalance valve as the only mechanism preventing 
cylinder drop during idle cycles. If loading on the cylinders 
is likely to change in value, as in the case of a control gate 
on a power dam covered with ice in the winter time, 
the pilot line fre-n the counterbalance valve may be taken 
from the opposite end of the cylinder so that there would 
have to be pressure on the top of the piston before th« 
counterbalance valve will open. 

This connection has the further advantage of preventing 
a runaway condition that may develop in closely counter 
balanced cylinders. When lowered, a high inertia load 
can maintain pressure under the piston even if pump 
pressure is cut off. If the counterbalance valve is piloted 
from this side of the cylinder it will remain open. If it is 
piloted from above the piston any drop in supply pressure 
will drop the pilot pressure so that the counterbalance 
valve will restrict movement to the speed of pump flow. 
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Fig. 3—A hydraulic fuse in which flexible disc will 
rupture above specified design pressures permitting 
free flow to tank. 
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with rupture disc 


Fig. 4—Hydraulic fuse protection from 


accidental pressure intensification. 
Pressure 


\ fast uncontrolled gravity drop is avoided. 

In many circuits, especially press circuits, the counter- 
balance valve may be controlling oil coming out of jack 
rams or the lip of the main ram. If the pilot line is 
damaged or the counterbalance valve accidentally jammed 
with foreign matter there is a possibility of high pressure 
implification factors. Recognizing this problem, pro- 
visions should be made to install a hvdraulic fuse like 
the one shown in Fig. 3. Burst pressure of the hydraulic 
fuse should be based on maximum pressure that the pack 
ing on the tip of the ram or the jack ram or that mechani 
cal linkages in the press can withstand 

he hydraulic fuse is always connected between cylinder 
ind counterbalance valve with a suitable “tee” connection 
is shown in Fig. 4. In most installations the hydraulic 
fuse need not be large in physical size because high veloci 
ties are expected through the orifice after the disc has 
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Pilot check 
pece<<<<e 


y, Pressure 
Counterbalance valve 


Fig. $—The pilot check placed in series with a counterbalance 
valve prevents downward drift of piston until the upper face is 
pressurized. 


burst. Contained pressures need not be dropped to zero 
but only to a safe limit established by the machine com- 
ponents. The extremely accurate burst values of the 
hydraulic fuses make it possible to choose one close to 
the maximum pressure allowable on the machine com- 
ponents. This factor makes it practical and safe to have 
a wide range between normal operating pressure and burst 
pressure of the disc. 

When a mechanical counterbalance is used with a verti- 
cal cylinder the counterbalance valve would only be in- 
stalled to prevent uncontrolled movements. If the 
counterbalance valve is the only mechanism to control 
the static position of a vertical cylinder perfect function- 
ing becomes extremely important. Clearance flow through 
the valve in the static condition of the machine must be 
minimized since gravity drift of the cylinder will be a 
function of total clearance flow through valve plus clear- 
ance flow past cylinder rings. If no drift is permissible 
it may be nécessary to provide suitable lock pin devices 
or ratchet mechanisms to make certain the cylinder does 
not drop during long static periods. 

In vertical cylinder installations a pilot operated check 
valve and a counterbalance valve are sometimes installed 
in series as shown in Fig. 5. The check valve is normally 
piloted from the opposing cylinder line. The counter- 
balance valve may be either internally or externally piloted. 
The pilot operated check provides a tight seal without 
clearance flow during the static portion of the machine 
cycle. The counterbalance valve creates sufficient resist- 
ance during downward movement to prevent the pilot 
check from closing and reopening which would create 
chatter and shock waves in the machine cycle. 

In some installations it is possible to use a poppet type 
pilot controlled relief valve as a counterbalance valve to 
minimize clearance flow during the static cycle. The 
balancing sleeve in the poppet type relief valve is a sliding 
fit so that even in this type of valve there will be a certain 
clearance flow. 


SEQUENCE VALVES 


From the glossary of terms for fluid power as published 
by the National Fluid Power Association: “VALVE, 
SEQUENCE—A valve which directs flow to more than 
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one portion of a fluid circuit in sequence. Flow is directed 
only to that part of the circuit which is connected to 
the primary or inlet port of the valve until pressure setting 
of the valve is reached. At this time the valve opens 
and pressure in the secondary port may vary from zero 
to near the setting of the primary side with no variation 
in the primary pressure. If pressure in secondary equals 
primary setting, valve opens fully.” Fig. 6 is a sectional 
drawing of a typical sequence valve. 

Practically all sequence valves must be externally drained 
since the secondary portion of the circuit is pressurized 
during some functions. Excessive back pressure on the 
external drains would act as an additive to the spring 
adjustments creating an abnormal operating range. 

Pilot signal for a sequence valve is generally from an 
internal source. However, if the sequencing operation 
must be interlocked with other portions of the circuit it 
may be necessary to use an external pilot. 

If the sequence valve is “teed” between directional 
control valve and a second cylinder to provide a sequence 
of operations, the valve will normally be equipped with an 
integral check valve for a free flow in the opposite direc- 
tion as in Fig. 2. If the sequence valve is used ahead 
of the directional control valve to insure a source of pres- 
sure to certain portions of the circuit the check would 
not be necessary. As shown in Fig. 7, any severe drop 
in main circuit pressure will close the sequence valve 
and guarantee a minimum pilot pressure to the pilot 
circuit. 

There are installations in which it is necessary to pre- 
vent an uncontrolled low movement of the 
cylinder in either direction. Fig. 8 illustrates a dual pilot 
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Fig. 6—Sequence valve with internal pilot connection plugged. 
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Fig. 7—Sequence valve is here used to guarantee a minimum pressure 
to the control circuit. Set to a low value the sequence valve closes only 


under unusual conditions in the main power circuit. 


sequence valve which can be installed in one or both 
cylinder lines to keep the cylinder under control at all 
times. When port A is pressurized the shuttle piston 
is shifted as illustrated and a pilot line directs fluid to 
the bottom of the spool. This fluid under a predeter- 
mined pressure will cause the spool to rise against the 
spring and connecting ports A and B. If pressure dimin- 
ishes in port A the spool will be closed by the spring. 
When port B is pressurized the shuttle piston will be 
shifted and the operation is reversed. The spring cavity 
may be drained to the tank or sealed tight with an O-ring 
on the spool as illustrated so that the spring chamber 
can be open to atmosphere. 

This same dual pilot operated sequence valve can be 


Omit for internal 
drain 






































Fig. 9—An unloading valve 
with settable pressure is sim- 
ilar to a piloted low-pressure 
Pilot line relief valve. 
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Fig. 8—This sequence valve operates identically for both 
directions of flow. Either way a minimum pressure is 
required to open the valve. 


used as a direct spring loaded dual relief valve between 
the cvlinder lines of a double rod cylinder or fluid motor 
as a protection against over pressures. However, this unit 
makes no provision for replenishing fluid lost in certain 
functions of a fluid motor as some of the more complex 
dual relief and replenishing valve units do 


UNLOADING VALVES 


From “A Glossary of Terms for Fluid Power’’ prepared 
by the National Fluid Power Association: “VALVE, 
UNLOADING—A valve which allows pressure to build 
up to an adjustable setting, then by-passes the flow as long 
as the present pressure is maintained on the pilot port 
by a remote source.” 

From this explanation the unloading valve can be 
a spring offset two-way valve which usually has an adjust 
ment to regulate the tension on the spring that controls 
the pressure setting at which the valve opens. Fig. 9 
is a typical unloading valve. 

Since the urloading valve is generally used to by-pass 
a portion of the circuit back to the reservoir at a negligible 
pressure internal drainage of the spring pocket is possible 
An exception to this would be the circuit wherein the 
by-pass type unloading valve is used to unload a high 
pressure circuit into a lower pressure circuit. In this 
case the pressure from the secondary, or lower pressure 
circuit might adversely affect the spring adjustment be 
cause of the additive effect of spring pocket pressure. 

An unloading valve directly actuated by a pilot piston 
and balanced by spring compression has some basic dis 
advantages. Spring rate determines the range from crack 
ing value to full open which is usually quite wide. In 


199 























Goge 











Oritice 




















Orain 





























Pilot connection Pilot piston 


Fig. 10—Auxiliary pilot control unloading valve. 
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Pressure is equalized across the main spool orifice. 
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When pilot pressure 


is applied the pilot cone is lifted off its seat dropping spring pocket pressure to a low value. Main circuit pressure then 


overcomes the spring and flows to the outlet port. 


addition, repetitive reset accuracy is limited. Where 
these factors become troublesome, a pilot operated s« 
quence type unloading valve may be used in which the 
unloading valve is similar to a piloted relief valve and 
the pilot cone is forced off the seat by a small piston 


as shown in Fig. 10. Small physical motion is required 


] 


from full open to full closed and the unloading cy 
and the repetitive reset value are very accurate. 

A disadvantage of the pilot chamber control type 
that it will operate if inlet port pressure is high enough 
to lift the cone off its seat. In some applications thi 
may be an advantage but it must be taken into considet 
ation when choosing circuit components. 

he pilot chamber control type has another possibl 
disadvantage in that the minimum operating pressurc 
required at the inlet port is somewhat higher than that 
of the direct spring balanced type after the valve is full 
unloaded by the pilot source. The pilot chamber control 
type is built similar to a pilot operated relief valve and has 
its main spool relief spring effective during the unloading 
cycle. This low value, (usually less than 50 psi) may 
be high enough to cause overheating in certain circuits 
Smaller valves are not usually affected by the high mini 
mum pressure. A larger valve must drop to as low a 
value as possible so most are manufactured with direct 


spring loading. Fig. 11 is an example of this construction 


PRESSURE REDUCING VALVES 


\ pressure reducing valve is almost the exact opposite 
of a relief valve. A relief valve is a spring offset, normally 
closed, two-way valve with the sensing line to the inlet 
port. A reducing valve is a spring offset, normally open, 
two way valve with the sensing line taken from the outlet, 
or downstream dine as shown in Fig. 12. Both valves 
may include certain damping devices as well as bleed 
orifices and other controls for most satisfactory servic« 
over a wide variety of applications. 

Ihe spool is held normally open with a balancing 
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Orain or pressure to hold closed 


Pilot line 


Fig. 11—Large capacity unloading valve with direct act- 
ing spring and pilot passages 


spring until the secondary, or reduced pressure, rises to 
the value of the spring and gradually lifts the spool. This 
lifting operation closes the passage between high pressure 
inlet and low pressure outlet and high pressure oil is 
prevented from reaching the secondary, or low pressur< 
irea 

Since the spool in this series is of the sliding type a 
certain amount of clearance flow can be expected between 
high pressure source and low pressure area. To prevent 
this clearance oil from increasing pressure in the second 
ary area, an adjustable bleed spigot may be provided 
Chis bleed spigot is in effect a variable orifice. When 
the desired amount of bleed is established for satisfactory 


Product Engineering — January, 1957 





Bleed acjustment 
Rotary spigot effective 
within 90° arc, pre-set 
at foctory for 150 S$.S.U. 
oil at 100° F, adjust- 
ment may be necessary 
for other viscosities 


a 


Pilot oil sensing 
line 


Fig. 12—A direct spring operated reducing valve 
in which oil from the low pressure connection is 
directed through an orifice to the back of the spool. 
As secondary pressure increases the valve is closed. 


Fig. 13—A piloted reducing valve with integral 
pilot to control oil pressure in the spring pocket. 
Tightening the pilot valve spring permits higher 
pressure to be developed in the spring pocket re- 
quiring higher secondary pressures to close off the 
main spool passage. 


operation, it is locked in position. If there is adequate 
clearance flow in the low pressure portion of the circuit 
it may be possible to close off the spigot. The spigot 
drains into the spring pocket of the valve which must 
itself be drained to prevent clearance flow oil from adding 
to the spring value. 

Larger valves of this type are similar in operation with 
the exception of a hydraulic additive to the main spring 
as shown in Fig. 13. The main spring is relatively weak, 
usually equivalent to around 50 psi. Bleed oil from the 
secondary, or low pressure side, is introduced into the 
spring chamber at the top of the spool. A small pilot 
relief valve holds pressure in this spring chamber which 
is additive to the main spool spring value. Higher pres 
sure oil passing over this small relief valve is then directed 
back to the reservoir. Rate of pilot flow is usually low. 
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PILOTED REDUCING VALVE 


Oil from the integral relief valve can be directed in 
series to another remote control valve so that the adjust 
ment of the reducing valve can be effected at a remote 
point. In this particular application the control is just 
the opposite of the comparable relief valve series. The 
integral pilot relief section of the normal maximum pres 
and th 
remote stations are in parallel and control the pressure 
to lesser values. In the case of the reducing valve pilots, 
the integral pilot relief segment controls the minimum 
setting and the pilots in series control to higher pressures 
A program of varying pressure is possible with the pilot 
type reducing valve by directing the oil to various remote 
control pilots or by putting the desired number of control 
pilots in series and teeing off lines to tank through suit 
able directional control valving to establish the desired 


sure relief valve controls the maximum pressure 
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degree of control. 

A word of caution is in order when remote control 
stations are involved with a piloted reducing valve. If 
the integral pilot control is set at the desired minimum 
and secured with a lock wire and seal, it will only control 
MINIMUM pressures. The remote control device must 
be set to a desired maximum when connected in series. 
Special parallel remote control circuit models are avail- 
able when necessary. 

Installations that are critical to possible over-pressure 
conditions can be accommodated by tailoring the spool 
movement closely to the volume requirements. Insertion 
of shims under the main spool will reduce the opening 
between the high pressure inlet and the low pressure 
outlet to the minimum necessary for maximum flow 
conditions. Less pilot oil is required to move the spool 
to the closed position and reaction time is proportionally 
reduced. Where inherent shocks are expected, shimming 
valves is a common practice. 

It is sometimes possible to setup the circuitry so that 
a return check is not necessary. In the average applica- 
tion of a reducing valve in a cylinder line where it is 
only desirable to reduce pressure in one direction, the 
return check provides a dependable method of getting 
the oil back past the valve with a minimum of resistance. 
If the pilot segment of the reducing valve can be drained 
into the opposite cylinder line it will act as a pressurizing 
line when the cylinder is reversed. Application of pres- 
sure to the drain on a piloted reducing valve prevents the 
spool from closing so that a return flow through the nor 
mal valve is possible without the use of an integral check 
valve. 


However, this is not a dependable method when there 
are large area differentials between head and rod end 


of the cylinder. Excessive flows because of the differen- 
tial operation or intensification factors may preclude the 
use of the drain into an opposite cylinder line and 
require the model with integral check valve. 

Most piloted models are provided with an orifice be- 
tween secondary line and control chamber that contains 
a small pin. This pin controls the rate of flow into the 
control chamber at the reduced pressure value. In certain 
circuits it is possible to increase efficiency and degree 
of control by varying this orifice. To change the orifice 
the diameter or length of pin is varied. Variation is 
rarely required but in the event the valve is to be used 
with fluids with either extremely high or low viscosity, 
a method of making the valve more compatible with the 
fluid media is readily available. 

Special connections are sometimes made into the con- 
trol chamber of pilot operated reducing valves to connect 
pressure switches so that they will register or operate 
on the pressure additive created by the integral pilot 
relief valve. The switch is protected to a degree by the 
fact that the oil must come through the orifice spigot, 
or pin, prior to acting upon the switch. The switch must 
be set at a value lower than the adjustment of the reducing 
valve or it will not function. 

A pressure gage connected at this point will not pro- 
vide an absolutely accurate reading, but it is protected 
both by orifice and integral relief. The gage will provide 
a relative reading which is often satisfactory. The life 
of the gage is lengthened by the absorption of surges 
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in the orifice mechanism. The immediate response of 
the integral pilot relief protects the gage from over pres- 
sures due to shock. This is, of course, not true of exces 
sive or prolonged shock conditions which most often 
indicate faulty circuit components. 

In developing circuits containing one or more reducing 
valves, it is usually the practice to allocate approximately 
80 to 100 cubic in./min of operating oil or fluid. Each 
valve in the circuit would be figured at this value. Nor- 
mally the requirement is about 25 per cent of the figure 
stated above, but the larger quantity takes into consider- 
ation inherent circuit changes such as wear on the pump- 
ing medium and nuisance losses in other parts of the 
circuit. 

When reducing valves are used from a central source 
of hydraulic pressure to actuate molding presses or similar 
devices, it is usually considered good practice to install 
a pilot operated check valve, or similar poppet type shut 
off valve, ahead of the reducing valve to block the line 
while the press is open during the loading cycle. Often 
the loading portion of the cycle is relatively long, and 
the poppet type pilot check valve avoids losses from the 
central system while this portion of the circuit is involved. 
Special pilot operated check valves can be provided with 
large piston areas operated from a low pressure pilot source 
to open a relatively high pressure line. Practically any 
type of pilot valve operating from the low pressure 
source can actuate the pilot check valve. Sometimes the 
pilot check is operated through the pilot valve upon 
receipt of an electrical signal from limit switches on the 
machine, or in some more compiex circuits from an 
electric eye or air gap sensing device. 

Automatic devices of the type mentioned above appear 
at first glance to be “gilding the lily,” but a close analysis 
of production costs over a relatively short period of time 
will indicate savings that make the cost of the equipment 
involved seem negligible. 

Actual wearing parts on a reducing valve are not nor- 
mally critical and long service life can be expected. As 
long as the circuitry is compatible with the inherent 
operating requirements of the valve, few difficulties need 
be expected. 





EDITOR’S NOTE:—Last month Mr. Pippenger gave detailed 
descriptions of Relief Valves of varying complexity. Starting 
with the simplest form of spool or poppet controlled by a spring 
the article covered piloted relief valves, stepped spools, electric 
control and typical applications. 

In March 1957 the third of this series on Flow Control Valves 
will be published. These valves control and limit flow to and 
the speed of a hydraulic actuator. 

Two additional articles are planned for spring and early sum- 
mer publication dates. Directional Valves will include four- 
way valve spool design and typical circuit applications. Valve 
Circuits will cover the special configurations used in regenera- 
tive, tandem and high-low circuits. 

Other articles published in Product Engineering this year 
demonstrating the use of control valves include: 

“Hydraulic Control of Speed and Inertia,” by Johnson and 
Bjorklund, Sept 1956, p 140. 

“Functional Design of Hydraulic Systems,” by Stewart and 
Moritz, July 1956, p 171. 
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A New 
il-Less 


Bearing Material 


JOHN D. SHAW and WALTER V. KNOPP 


S-K-C Research Associates, Paterson, N. J. 


WHERE TEMPERATURE, pressure, speed or corrosive con 
ditions make retention of a lubricant impossible, this new 
composition will provide a graphite film that cannot flow 
away, evaporate or become tacky. The material consists 
of graphite incorporated in matrices of metal powders at 
densities approximating those of wrought alloys. 
Elimination of contamination of product, process or 
equipment by such lubricants as oil or grease is also 
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Fig. 1—Bearings and piston rings made of bronze-graphite 
are shown in assorted sizes and shapes. At left is a seg- 
mented shaft sealing element made of the same material 


Characteristics and properties, 
advantages and limitations of 
full 


powder combinations, self-lubri- 


density graphite-metal 
y 8g 


cating even at extreme tempera- 


tures and pressures. 


possible. Graphite-metal mixtures have already been used 


where lubrication, after installation of the component 
involved, is difficult or impossible 
tions are shown in Fig. 1. 


Some typical applica 


Development of these graphite-metal powder mixtures 
began in Germany some eight years ago. The American 
supplier is Deva-Metal Corp., Ridgewood, N. J 

Graphite content may vary, depending on the applica 
tion, from 6 to 25 per cent, by weight. This percentag: 
is much greater when it is considered either on a surface 
or volume basis. 

Uniform distribution of the graphite in the metal pow 
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ders is important. The graphite-metal mixture is pressed 
into preforms approximating the desired finished shape 
and dimensions. Forging then follows, resulting in bearing 
materials of full density. 

A variety of metal bases have been employed. These 
include bronze (with or without lead), brass, iron and 
nickel. Some typical operating conditions for each of 
these metal bases include: bronze, —300 F to 750 F; 
leaded bronze, — 300 F to 400 F; brass, —300F to 400 F; 
iron, —300 F to 1250 F; nickel, — 300 F to 750 F. 

Since these bearing materials can be employed at 
relatively very high and very low temperatures, the stand 
ard testing procedures used for ordinary bearings proved 
inapplicable. However, with a Carson friction testing 
machine, it proved possible to obtain certain significant 
data, such as figures for wear and coefficients of friction, at 
room temperature. This equipment is normally used by 
fabricators of friction components. 

Since the function of a bearing is essentially the oppo- 
site of a brake, this test proved readily adaptable to evaluat- 
ing the properties of the new graphite-metal powder 
mixtures. ‘Test data obtained are based on samples of the 
new materials produced in this country. ‘Tests wer 
primarily for the purpose of obtaining information on 
the effects of varving graphite content and on _ the 
characteristics of the matrices provided by the various 


metal powders. 

It was possible to determine the coefficient of friction, 
rise in temperature, and loss in weight of the specimens 
under test. Each test specimen was machined to fit the 
outside cylindrical surface of a 14 in. dia drum. A hole 
was drilled in the specimen } in. below the test surface 
for temperature checking, by means of a thermocouple 
I'he specimens were weighed before and after testing. 

he effect of varying graphite content in bronze-graphite 
and iron-graphite mixtures is shown in the table. The 
radial crushing strength decreases as the graphite content 
increases. As the graphite content increases, the weight 
loss decreases with the coefficient of 
friction. A photomicrograph, Fig. 2, shows a_ typical 
distribution of graphite in a metal matrix. 

Detailed testing has been done on these materials not 
only in varying the combinations of metals and graphite 
contents, but also at elevated temperatures. It was found 
that a problem developed not in the bearing combina 
tions being tested, but rather in the construction of the 
test rig and in the surface on which the new material ran. 
Che contact material was found to be more susceptible to 
oxidation than the bearing mixture itself. 

The metal-graphite combinations are not to be thought 
of as a panacea for all bearing ills. Rather, they must be 
considered as specialized materials for use where high or 


some decrease in 


Effect of Varying Graphite Content 








Graphite, pct Radial Crushing — 


Strength, psi Surface 


Speed, fpm 


45.400 1130 


P-V Factor 





BRONZE-BASE MATERIALS 


Friction Tests 


Coefficient 
of Friction 


Weight Loss, 


Temperature, F pet /hr 


56.500 125 2754 


113, 
169, 
226 


000 
500 
000 


195 
232 
225 


2615 
2472 
2352 


500 
000 
500 
000 


163 
190 
213 
232 


56 
113, 
169, 
226 


4237 
2719 
2197 
2250 
28,700 500 
000 
000 
000 


127 
190 
207 
220 


56 
113, 
226, 
339, 


2331 
2510 
1534 
1093 
14,800 56, 
113, 
169, 
226 
339, 


500 
000 
500 
000 
000 


133 
210 
210 
210 
220 


2542 
3033 
2197 
1483 
0528 








IRON-BASE 





MATERIALS 





51,000 427 21,400 


42,700 


110 
Excessive Wear 
29 ,600 427 21,400 
42,700 
64,000 


112 
160 
Excessive Wear 


21,400 
42,700 
64 ,000 
85 ,400 
128 ,000 


120 
143 
162 
185 


222 
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Background of Metal Powder and Graphite in Bearings 


The best-known application of metal powders to bearings is, 
of course, sintered oil-less or oil-containing porous bearings. 
This bearing is usually made by pressing a blend of 90 copper 
10 tin powders with a volatile lubricant and with or without 
small percentages (up to 2 per cent) of graphite. The part is 
compacted to 70-80 per cent of theoretical density, sintered and 
sized (repressed) to final dimensions. The finished bearing, 
which contains approximately 20 per cent voids, is impregnated 
with oil, and its sponge or wick-like structure acts as an oil 
reservoir throughout the life of the part, provided it is not 
subject to high speeds or loads, or excessive temperatures 
This type of bearing has found universal acceptance, and exhibits 
excellent properties in service. 

Originally, sintered porous bearings were made with high 
graphite contents (up to 6 per cent). Unfortunately, by the very 
nature of the method of fabrication, the strength of such bear- 
This is why 


conventional porous bronze bearings contain little graphite 


ings decreases with increase in graphite content 


It has been known for a long time that certain types of 


graphite possess excellent lubricating properties. Yet, normally, 
solid graphite has poor strength even when bonded with carbon 
bonding agents. The use of finely divided graphite in conven- 
tional bearings has always posed a problem of how to secure 
a uniform layer or film on the surface of bearing and bearing 
surface, and if it is in powder form, how to keep it there 

The high-graphite, porous, sintered bearing is not satisfactory, 
due to its basic weakness even at relatively low graphite con- 
tents. The addition of greases and oils to graphite powder is 
only a compromise at best, since if temperature becomes too 
high, the grease or oil will dry out and evaporate, and the 
graphite powder will blow away. 

The problem, therefore, becomes one of incorporating graph- 
ite in a metal matrix of sufficient strength, which would have 
requisite bearing characteristics and still develop and retain 
a film of graphite under a wide range of temperatures, loads, 
speeds, and corrosive conditions, such as presented by water, 
and the like. A bearing material 


steam, developed to meet 


these conditions is described in the accompanying article. 





ye eee Oe 7 
Slee Oe 


low temperatures or the danger of oil contamination would 
cause conventional bearings to fail or prove inadequate. 

Chere are certain limitations. Among them is the nece 
sity of using metal powders and graphite which must b: 
specially prepared. Forming techniques are slower and 
more costly—for example these graphite-metal powder 
mixtures cannot be fabricated by the same techniques 
employed in producing ordinary sintered metal powder 
bushings. 

Chere are also a number of advantages in addition to 
These include 


those cited previously. 1) good running 


properties with negligible abrasion to give excellent long 


he 
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Fig. 2—Typical distribution 
of graphite in metal powder 
matrix, after hot pressing to 
full density. Magnification, 
500X 


>A. 

time life; b) minimum of starting difficulties, since the 
bearing produces an adhering graphite film which will 
not flow away; c) good corrosion resistance, since a wide 
variety of metal powders can be used and the proper alloy 
can be selected to meet the required application (the 
graphite is in sufficient quantity to add corrosion resistance 
to the metal); d) large range of temperatures and pressures 
can be employed; e) corrosion of sliding parts is negligible 
f) use of oil is eliminated, resulting in complete dry ru: 
ning with absence of oil evaporation and contamination 
can be used with certain oils and greases); g) freedom in 
positioning bearing since graphite will not flow away 





Reducing Trial and Error in 


ompression 


J. J. INTINTOLO 


Project Engineer Aviation Division C. D. C. Control Services, 


pring Design 


Graphical method sets up a boundary of 
acceptable spring dimensions based on . Solid length L, must be safely less than maxi- 
variables of spring design. Choice of wire mum working load length, or less than 0.67 in. 
5. Maximum outside diameter D, = 0.34 in. 
6. Spring rate to be as low as design limits will 
ally within this boundary. allow. 
Nore: A spring slide-rule is recommended at this point. 
It is not essential but saves much time as it solves the 
equations: 


diameter and outside diameter can be visu- 


955 Pp 
USUALLY SPRINGS ARE DESIGNED by using equations in a in cecck z (1) 
trial and error process to determine wire diameter, mean Pp Gas 

diameter, number of coils and safe stresses for the material - + = 3pN 

being used. Even with the aid of a spring slide-rule this 

procedure is extremely laborious. After achieving a design 
which reasonably satisfies fixed specifications it is still pos 
sible that a better spring could be designed with greater 
savings in weight or space or economy. 

The problem is still more difficult if the design must be 
confined within definite boundaries such as a maximum 
diameter, minimum inside diameter, maximum and mini- 
mum working lengths, and maximum solid length. After 
trying many different combinations of mean diameters and 
wire diameters without being able successfully to satisfy 
design restrictions it may be assumed, wrongly, that the 
spring cannot be designed. 

The following time-saving technique will virtually elim- 
inate tedious trial and error methods as well as uncertainty 
concerning maximum economic and optimum design. It 
shows graphically whether or not a spring can be designed 
for a particular application. It also determines only those 
combinations that will meet the design requirements. 


where 

outside diameter 

mean diameter 

wire diameter 

deflection 

torsional modulus = 11.5 x 10° for music wire 
load in Ib. 

spring “rate” 

torsional stress in lb. per sq. in. 


ennndeag 





Free length 


Example. An existing valve is to be adapted to a new 
application by changing the spring. Physical and func- 
tional requirements as illustrated in Fig. 1 are: 
. Maximum working load length, L,, = 0.73 in. , 
. Minimum working load length, L, = 0.89 in Fig-1 
. Minimum working load, P = 10.8 bb. Do 
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Effect of Spring Rate on Boundary Curve 


If there is no area available then by increasing spring rate 
both solid length and stress curves move to the right. The 
solid length curve, however, moves faster thus decreasing the 
distance between the two. This continues until an area is 
available for design unless the spring rate becomes too high. 
Then the large increment of load caused by the travel raises 
the stress so as to cause stress curve to move to the right faster 
than the solid length curve. Actually, in the example, used, a 
lower rate of 51b/in. was tried in conjunction with stainless 
steel wire. This trial eliminated all design area as the stress 
curve was far to the right of solid length. Hence, a spring 
could not be designed with stainless steel wire and music wire 
was used. (Stainless steel was more desirable because it needs 
no proticetive coating.) 

A few trials of low spring rates were made using music wire 
and increasing the spring rate each time until the final graph 
sheet shown in Fig. 4 was obtained. Such trials, depending 
upon what variables are available, are the only remaining ele- 
ments of trial and error in a spring design using this method. 
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-Maximum torsional stress in 
music wire as influenced by wire size 


Fig. 2 














4-8oth ends on poralie/ 
surfoces 


PROCEDURE: 


1. Lay out on graph paper the mean diameter D as or- 
dinate and wire diameter d as absissa. Choose suitable 
value of d so that the D, plot of points falls relatively near 
top of graph. Plot D, curve, (0.340 - d) against D. An 
approximate value of d can usually be found by assum- 
ing a value of about 7 for the D,/d ratio. 

All area above this curve is eliminated for design pur- 
poses because the outside diameter will be too large. 

2. Choose a low spring rate, e.g., 30 Ib per in. Material 
is music wire. (See Box.) 

3. Use spring slide-rule; set a certain number of coils 
under chosen spring rate on slide-rule. Plot D vs d curve 
from scale of slide-rule. 

4. Plot a family of curves across graph by changing 
number of coils. 

5. Plot solid length curve by finding maximum wire di- 
ameter allowable for any particular number of coils by 
adding 2 (for inactive coils) to that number of active 
coils, and divide result into maximum allowable solid 
length. Where this d crosses that particular coil curve will 
be found one point on the solid length curve. A similar 
point found for each coil curve thus defines the solid 
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Fig. 3—Buckling occurs if deflection is greater than 
values shown. Curves are from Associated Spring Cor- 
poration design handbook. 


0.660) (30) + 10.8 = 17.7 lb. Set this load under maxi 


length curve. All area right of this curve is eliminated for 
design purposes because solid length would be too long. 
Final spring design must now be assumed to be in upper 
right corner of remaining area. 

6. Plot stress curve using Fig. 2 to find maximum allow- 
able stress for that particular wire diameter (say 0.048 in.) 
at upper right-hand portion of remaining area on graph. 
Divide by corresponding Wahl factor. Find approximate 
maximum load by using maximum allowable solid length 
(say 0.660 in.) to determine total deflection, e.g., (0.890 — 
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mum allowable stress. Plot curve of D vs d from scale of 
spring slide-rule. All area to left of this curve is eliminated 
for design purposes because spring would be overstressed. 

7. Buckling curve. Calculate free length (based on solid 
length of 0.660 in., rate, and maximum load as found 
above). From Fig. 3 (mean curve used in this exampk 
find allowable mean diameter. This is a horizontal line on 
the graph. All area below this line is eliminated for design 
purposes because of buckling. 

8. Remaining area defines the only combinations that 
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can be used for design and even this is 
with reservations. As choice of spring 
approaches stress curve the solid length 
The total deflection and 
load is thereby increased. This moves 
stress curve further to the right. It is, 
therefore, safer to choose a spring on 
the right side of remaining area. 

In this particular design Fig. 4 
shows that the band of area available 
for design is only 0.005 in. for wire 
diameter and 0.034 in. for mean diam 
eter. An analysis of this procedure 
actually leaves a smaller area available. 
If the design is close to the functional 
limitations (stress and buckling curves) 
these curves begin to converge, thus 
leaving a smaller area because, as ex- 
plained above, these curves were ob 
tained by assuming the design to be in 
upper right-hand corner of the area. 
The design may be chosen close to 
the D, and solid length curve be- 
cause these curves are physical limi 
tations. They will not change and a 
safe tolerance was chosen in obtaining 
these curves. 

9. A spring can now be chosen. 
There are only three standard diame 
ters of music wire included in this 
area—0.045 in., 0.047 in. and 0.049 
in. The 0.045 in. diameter cuts the 
lower left corner and is too close to 
the functional limitations to be a 
safe design. The 0.047 in. diameter 
is relatively in the middle of the area 
and is a possibility. But a design with 
this diameter would probably be criti- 
cal in stress and/or buckling and 
would be used only if a better design 
was not available. The upper right- 
hand corner is barely cut by the 0.049 
in. diameter wire and the spring can 
be chosen here without hesitation. 


decreases. 
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Fig. 4—Graphical spring design procedure involves plotting (1) outside diameter 
curve, (2) D.vs d for various numbers of coils, (3) solid length curve, (4) stress 


curve, (5) buckling curve. 
by curve. 


Spring is chosen from top right side of area bounded 





INCREASED CHEMICAL ACTIVITY of 
metals subjected to the action of ultra 
sonics is believed due to decreased 
cohesion of the crystalline structure 
of the metal. One application of this 
particular phenomenon has been in 
the nitriding of steels, normally car- 
ried out at about 500 C in an am 
monia-tich atmosphere. Standard ni- 
triding procedures produce a hard case, 
which is very shallow, reaching a depth 
of one millimeter after 48 hours at 
550 C. The use of ultrasonics in 
the course of the nitriding process 
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New Uses of Ultrasonics 


greatly increases the depth of penetra- 
tion of the nitrogen, cutting cycle time 
and permitting the use of lower tem- 
peratures. 

Investigations have been carried out 
which show that ultrasonics have a 
marked influence on the magnetic and 
electrical properties of metals also. 
his, too, is ascribed to a reduction of 
cohesion of the crystalline structure. 
Experiments on nickel indicate that 
magnetization increases as the inten- 
sity of the applied utrasonics, and this 
magnetization remains even after ap 


plication of the ultrasonic wave has 
ceased. 
Some 
through allotropic transformations by 
Tin 
may be made to pass from the white to 
the gray state and vice versa by the 
application of waves of the order of 
750,000 cps and by varying the am- 
bient temperature between —20 and 
12 ¢€ 
Abstract from “Les applications des ultra- 
sons en métallurgie et en mécanique” by 


P. Hemardinquer in Revue Génerale de 
Mécanique, Paris (France), Sept. 1956. 


metals can be made to go 


the application of ultrasonics. 
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TECHNICAL NEWS 


Tape Controlled 
Machining in 
Small Lots 


Automatic machining, whose advan 
tages were limited to high-volume pro 
duction operations, have been ex 
tended to small-lot and_ single-part 
production of aircraft tools and parts 
it North American Aviation, Inc., Los 
Angeles 45, Calif. Numill, the name 
of the new tape-control system, can 
be used to automate many of the 
tools, 
lathes, boring mills, contouring mills 
ind grinders 

Che developed by 
North Autonetics Div., 
specifically to produce templates, pro 
file bars, profile mill fixtures, and other 
two-dimensionally parts used in air- 
craft manufacturing. A standard mill 
ing machine controlled by the tape 
system automatically the 
hole-drilling, scribbing, and contour- 
milling operations 


standard machine such as 


controls were 


American’s 


performs 


Procedures presently used for tem 
plate-making require that the master 
contour lines be laid 
loft boards by loftsmen, using pre 


viously developed coordinates 


out on metal 
These 
master lines are duplicated on tem 
plate material by an expensive contact 
printing process, and the desired line 
is filed to shape by a template maker 

With numerical control, starting 
with point coordinates, formulas, or 
other numerical definitions of the 
template or tool contour, a machine 
control tape is produced, using digital 
computer techniques. The controls 
consist of a display panel, a control 
pendant, measuring gages and a tape 
reader control. The present Numill 
controls are applied to a standard 
28 x 96 in. Cincinnati vertical hydro 
tel milling machine 

The display pane! is used solely to 
inform the machine operator of the 
necessary set-up information, such as 
size and type of material, cutters to 
use, and machine speed. This data is 
received from the tape 
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PRESSING THE “SLOW VERTICAL” BUTTON on the control pendant, the operator 


is about to start a template milling operation which is tape controlled 
the Autonetics Div., of North American Aviation, Inc 


Developed by 
, the Numill control system, as 


it is called, will offer the advantages of automatic machining to small-low and single 


part production. 
information. 


At upper left is the display panel which gives the necessary set-up 
At left is the tap-reader console which reads the digital information 


from the control tapes, and translates these numbers into pulse-trains which control 


the machine-tool movements. 


Measuring gages are on the back 
of the machine table and the slide of 
the machine column. Their operation 
is based on the use of interference 
patterns generated from optical grat 
ings. Absolute accuracy is better than 
0.001 in. over 8 ft at 68 F. 

The tape-reader console—fully tran- 
sistorized—reads the digital informa- 
tion from the control tapes. 

Operation of the Numill, To make 
1 template which requires drilling, 
scribbing and milling, the operator 
sets the dials on the console to the 
desired part. The tape reader searches 
and finds the required portion of the 
tape and the 


gives instructions on 


display panel as to prope 
and cutting tool. The 
matically 


material 
auto 
of holes, and 


machine 
drills a series 
if more drilling is required, the dis 
play panel will indicate the drill size 
and rpm to be used, and when the 
set-up changes are made, automatically 
drills the required holes 

lhe scribing and milling operations 
When the 
in spindle speed 
ind cutter type have been made by 


are handled the same way 
necessary changes 
the operator, the machine performs 
the automatically. Left 
hand right-hand can be 


operations 
and parts 
produced from the same control tape 


by turning an 


ixis-rotate switch on 
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the tape reader console. The Numill 
machine will mill any contour desired 
at speeds up to 25 in. per min, al- 
though it is capable of controlling 
machine movements at speeds up to 
200-300 in. per minute. 

In drilling operations the machine 
moves from one point to another at 
120 in. per min. After positioning, it 
follows a controlled rate of down feed. 
Combining milling and drilling in one 
set-up adds to the efficiency of the 
system. The efficiency is improved by 
the display panel which results in an 
effective working relationship between 
the man and the machine. 

Numill’s tape-making techniques 
are aimed at producing control tapes 
as cheaply as possible, using available 
planning and clerical skills. The opera- 
tion begins with the engineering 
drawings. Input data to the computer 
is held to a minimum and consists of: 
basic tool or part dimensions; se- 
quence and type of operations; ma 
chine spindle speeds and cutter sizes 
(feed rates are calculated automati- 
cally); type and size of material. All 
the necessary information to make a 
template or part of average complex- 
ity is on about 12 in. of tape. 

The computer calculates the path 
which must be followed by the center 
of the cutter to make the contours 
that are specified. This path consists 
of a series of straight line cuts, which 
approximate any curve to a given 
tolerance. 

Machine movements are translated 
into pulses, each of which represents 
0.0005 in. of movement. The pulse 
trains generated from tape commands 
are continuously compared with the 
pulse trains generated by the optical 


gaging system. 


Smaller Memory Devices__— 


Electronic computers will be able to 
store more than a million bits of in- 
formation in a space just a little larger 
than a shoe box, and to recall any or 
all of the items in a few millionths 
of a second with a new memory device 
developed by the David Sarnoff Re- 
search Center of the Radio Corp. of 
America, Princeton, N. J. The new 
memory consists basically of thin, 
printed plates of special magnetic 
material perforated with small holes. 

The new aperture plate memory 
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stores the information in the form of 
magnetic fields. One of the two 
values is represented by a flow of 
magnetic flux in one direction around 
a hole in the plate, while the other 
value is represented by a magneti¢ 
flux in the opposite direction. The 
small plates are made of a ceramic 
like ferromagnetic material that can 
be molded in any size or shape. The 
plates are less than one inch square 
and contain 256 holes, or a storage of 
256 bits of information. 


The plates themselves are insulators, 
and the holes can be joined by con- 
ductors using the printed circuit tech 
nique in place of the storage and 
readout windings of the previous core 
system. 

Besides 


very large 


makes 


memories of 
capacities, the new 
possible compact memories of rela 
tively small capacity. In this respect, 
RCA has a developmental unit meas- 
uring only 2 cu in. which has a storage 
capacity of 2560 bits of information. 


system 
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PASSENGER CAR LENGTH and shape closely resemble that of the U. S. Talgo type 
train announced several years ago. Pulled by a lightweight and low-power engine, 
the train can reach a speed of 94 mph. A motor generator supplying 380/220 v, 
3 phase a-c at 50 cps is used, with electrical power for the motors and lighting taken 
from it. The locomotive has a drive on all four axles. 


Sweden Designs Low, Lightweight Train____ 


Railroad companies all over the world 
are feeling the effects of the compe- 
tition with other forms of transporta- 
tion. In Sweden the main competition 
is the automobile. The number of 
railway passengers has fallen, particu- 
larly on short distance runs, while 
long distance traffic is the economic 
backbone of the passenger traffic. 
Efforts are being directed towards 
strengthening this backbone. 

Like the U.S., Sweden is turning 
to the low slung, lightweight train to 
attract passengers to railways. Cars 
of the KLL train are shown above. 
Meaning short, low and light (kort, 
lag and att), the Swedish design, how- 
ever, has avoided the disadvantages of 
the earlier low, lightweight trains, 
some of which can be driven in only 


one direction, (Spanish Talgo) and 
others which are fixed-length trains 
(U.S. Talgo). 

The KLL consists of individual 
cars which are coupled together by 
an automatic central coupling. Each 
car has two axles, and each can be 
added to or withdrawn from the 
train at will, and can be run in both 
directions. This is unlike the Spanish 
Talgo principle where the back end 
of one car supports the front end of the 
car following it. As the KLL car is a 
separate unit, it is possible to build 
up trains of any size and composition. 

Floor height above the rail top of 
the KLL is 22 in. This compares with 
18 in. for the original Spanish Talgo, 
and 26 in. for ACF Industries’ Ameri- 
can Talgo (see Product Engineering, 
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DESIGN OF UNUSUAL TYPE coupling and running gear, which steers the wheels 
around the corners. This is necessary because of the risk of riding-up and derailing 
on curves. The brake is of the single-action disk type with the disk mounted on the 
inner side of the wheel (see photo). When the brake is applied, two brake blocks, 
one on each side of the supporting axle, are pressed against the disk. Each brake 
block has its own brake cylinder. The car is sprung with rubber and torsion springs 
(see line drawing). Two high rubber springs rest on a yoke mounted outside the 
wheels. In addition to their springing function, the rubber springs absorb the deflec- 
tions of the wheels when taking curves and the lateral movements of the body with 
respect to the running gear. The two “fingers” resting on top of the springs, extend 
out, and are attached to the torsion spring running in the direction of car's axis. 


p 194, July 1955). Floor height of 
conventional car is 4 ft, 4 in. Center 
of gravity of the KLL is about 41 in. 
compared to 40 in. for the Spanish 
l'algo and 42 in. for the U.S. Talgo. 
Length of the KLL car is about 37 
ft; the Spanish Talgo 18 feet. The 
U.S. Talgo car is 36 ft long, but its 
design requires the cars to be used 
only in units of three. The conven 
tional Swedish car length is 76 ft. 
I'he car framework is of steel and 
is spot welded throughout. The com- 


pany, A. B. Svenska Jarnvagsverk 


Product Engineering — January, 1957 


esti 
mates that the superstructure would 
been 500 Ib if arc 


staderna, Linképing, Sweden, 


have heavier 
welded. 

rhe light 
weight train is the running gear, which 
steers the wheels to keep them tangent 
to the track at all times. The wheels 
then follow the curve without hunting 
or jerking motions. The axles are 
built integral with the central cou 
pling which is attached to them by a 
longitudinal central tube. When two 
are coupled together, and the 


unique aspect of the 


Cars 


central couplings with which they 
re connected fit closely together, the 
two sets of running gear connects in 
this way from a bogie 
Each end of the ca 
running gear on rubber blocks outside 
the wheels, and the arrangement is 
such that each pair of running gears 
automatically ad 


rests on its 


forraing a_ bogie, 
justs itself to the curve and gives the 
car a steady motion. The tensile and 
compressive stresses between the car 
bar, one end of 
which is centrally attached to the 
rear of the central coupling, while the 
other end is fixed to the chassis of 
someway inside the run- 


In this way, the running 


are taken up by a 


the carriage 
ning geal 


gear itself is relieved of tensile and 


compressive stresses. The locomotive 
is coupled in similar fashion to the 
leading running gear of the first car. 


Tin Cans Act As Radiator 


Tin cans will play a prominent part in 
testing the models of the latest super 
sonic jet planes and guided missiles 
More than eight million new 
have been dumped into the air-storage 
section of North American Aviation’s 
wind tunnel 


cans 


new $5-million ‘Trisonic 
being built at the International Air 
port in Los Angeles, California. 

The cans will fill eight steel spheres, 
36 ft. in diameter, 200,000 
cu. ft. of compressed air is stored for 


where 
use in the tunnel. The cans will act 
as a radiator, keeping the air tempera- 
ture nearly constant during a test 
blow. Without the cans, the air tem 
perature would drop about 200F dur 
ing a test blow, causing errors in test 
data. The 
temperature drop to a workable 30 
degrees. A heater which could supply 
enough warmth to the air during the 
test 
have been too expensive to build and 


cans reduce the sudden 


short period of a blow would 


operate. The cans are all new rejects 
supplied to North American by var 
ous contamer manutacturers 

The largest privately owned wind 
tunnel in the U. S., 
speeds up to 2500 mph. It will be 
completed this month, and will pro 
research in 
subsonic 


it is capable of 


a single tunnel in 
than the 
(through 
the speed of sound); and supersonic 


vide 
three areas: 
speed of sound) 


(less 


transonic 
(above the speed of sound) 
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New Filming Process for 


Handling and Filing Drawings 


The person in the photo above is 
holding in his right hand a 105 mm 
negative of the engineering drawing 
beneath it. From this 4 x 6 in. nega 
tive, the drawing can be blown up to 
any size, all the way up to a 36 x 54 in. 
reproduction, without distortion 
One negative can hold up to eight 
84 x 1] in. drawings. 

Done by the Micro-Master 105 
mm process, it is a new reproduction 
service offered by Keuffel & Esser Co., 
drafting materials and equipment 
manufacturer, Adams & Third St., 
Hoboken, N. J. A company retaining 
this service will send its drawings to 
one of the Micro-Master service cen- 
ters about the country where they will 
be reduced to the 4 x 6 in. negatives 
that the company will keep in its file. 
Duplicates of each negative are made 
so that the company can keep a sec- 
ond file to insure against loss. A 
6 x 9 x 12 in. file box will hold 450 
negatives. 

To get a reproduction of this draw- 
ing, the negative is mailed to the 
service center where it is blown up to 
any size, up to 36 x 54 in., to make a 
“Second Original.” From this, work- 
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ing prints are made on opaque paper 
or cloth by the Blueprint or Diazo 
process. Or, the 4 x 6 in. master nega- 
tive can be used to make a 4 x 6 in. 
card print which is used in a table 
viewer with an 8 x 12 in. viewing sur 
face. By the same token, the negative 
can be projected on a large screen for 
conferences. By joining the large 
36 x 54 in. prints together, an unusu- 
ally large drawing can be reproduced 
in whole or in part. Also, photograph- 
ically, the drawing scale can be ac- 
curately changed. 

K & E claims that the Micro 
Master prints are at least as good as 
the original tracings in every case, 
and frequently are better than the 
drawing itself. The weakest line on 
the oldest drawing is picked without 
respect to any background dirt. The 
negatives do not require any correc- 
tive Opaqueing, nor artwork, except to 
eliminate undesirable parts of the 
drawing. This, plus the easy filing; 
convenience of “reading” on sight, 
plus enlargements without distortion 
are the reasons 105 mm was picked 
over the smaller micro-filming proc- 
esses. 


Forming Titanium 
At High and Room 
Temperatures 





Titanium sheet can be formed :t 
room and high temperatures .. . . on 
conventional equipment, according to 
Boeing Airplane Co., Seattle, Wash 
ington. It was observed that at room 
temperature, 6 Al-4V titanium can 
be formed in a curve having a radius 
six times the thickness of the mate 
rial, sheet-roll forming, 
and stretch forming of sheets and sec 
tions. Above 800 F, the same alloy 
can be formed in a curve having a 
radius three times the material thick 
Generally speaking, any shape 
that can be formed in conventional 
formed in 


permitting 


ness 


aircraft materials can be 
the titanium alloy with conventional 
equipment, if the blank can be heated 
and maintained at a sufficiently high 
temperature. Integrally heated tool 
steel dies, protected from corrosion 
with a flame sprayed Ni-Cr-B pow- 
dered metal coating now are used on 
existing brake equipment and show 
promise of being adaptable to drop- 
hammer operation. In brake forming 
experiments under manufacturing 
conditions, one punch protected with 
such a coating showed no damage 
from wear or corrosion after three 
heat-up cycles to temperatures rang- 
ing from 900 to 1400 F for more than 
18 hours. 

Ceramic lubricants developed by 
Boeing are used for high temperature 
forming between 800 and 1500 F. 
Colloidal graphite is practical up to 
1300 F. Ceramic lubricants for form- 
ing temperatures above 1800 F depend 
upon two factors, the control of tool 
temperature and material temperature 
within a range of 100 F. 

For heating the titanium and the 
forming tools, electric heat was found 
to be most advantageous for heating 
blank sheet material for press brake 
and hammer forming, while induction 
heat shows far more promise for heat- 
ing moving strip for draw bench and 
multi-stage roll-forming of structural 
sections. Electric tubular cartridge- 
type heaters are easily adaptable to 
integral heating of punches and dies 
for non-impact forming, but a pre- 
mixed gas is preferred for heating the 
majority larger tools and tools subject 
to impact. 
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Briefs 


Research on new soft solders of im- 
proved performance is reported to 
have led to the development of a 
number of new tin-lead solders which 
have unusually long life at tempera- 
tures of about 223 F. Developed by 
the Battelle Memorial Institute in 
London for the Tin Research Insti- 
tute, the performance of these high- 
tin content solders at high tempera- 
ture can be improved by the addition 
of small quantities of germanium, 
nickel or cerium. Additions of small 
amounts of zinc, bismuth and anti- 
mony is also claimed to be beneficial. 
Potential use of the new solders is for 
soldering car radiators where operat- 
ing pressures of 16 psi are used. 





The ninth annual report of the Ad- 
visory Council on Scientific Policy 
just published in London urges that 
the Western countries keep track of 
what Russian technicians are doing. 
To do this, the report stresses the im- 
portance of reading Russian. The 
technical lending library services can 
not handle the increasing output of 
Russian scientific and technical litera- 
ture. There are at least 1000 current 
periodicals in this category, and more 
than 14,000 scientific and technical 
books were published in Russia in 
1954, against which even the British 
Museum in London takes only about 
800 a year; the Dept. of Scientific and 
Industrial Research, 300; while 170 
other libraries get about 1000 between 
them. Of the translation problem, 
only 2 per cent of British working 
scientists read Russian, compared to 
80 to 90 per cent who read French, 
and 60 per cent who read German. 


Argonne National Laboratory has 
just placed in operation an unusual 
type of reactor known as a “slow 
fast” reactor. No producer of elec- 
trical power, it will be used for studies 
of future large power reactors. The 
new ZPR-V is, in effect, a 
within a reactor. The entire unit con- 
sists of a 5 ft dia steel tank in which 
the uranium fuel assemblies and the 
control rods are placed. In the center 
of this tank is the “fast” reactor 
section containing 49 enriched ura- 
nium fuel assemblies which are placed 
in a soft square section. Surrounding 


reactor 
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the “fast” reactor section is the “slow” 
reactor section which consists of nor- 
mal and enriched uranium fuel ele- 
ments arranged in a geometric pattern 
around the “fast” core section 
immersed in water. The nuclear 
chain reaction takes place in both 
regions although they have entirely 
different nuclear properties. By con 
necting the two systems together, 
it becomes possible to study the nu 
clear physics of “fast” reactors without 
having the good control of the “slow” 
reactor. 


and 


New processes for manufacturing 
metal boride ceramics containing ti 
tanium, columbium, thorium, and a 
number of other metals have been 
patented in England. In the case of 
titanium boride, titanium hydride and 
boron powder are first pressed into 
briquettes and then heated in a hydro- 
gen atmosphere at temperatures rang- 
ing from 1800 to 3600 F. During 
this heat treatment the titanium metal 


the boron combine to yield a 
boron hydride. The 
ported to be very hard, and has a 
melting point above 5400 F. Borides 
of zirconium, thorium, and tantalum 


can be prepared in the same manner 


and 
material is r¢ 


Plastic molding presses made by F. J 
Stokes Corp., Philadelphia 20, Pa.., 
now have a rope-feeding attachment 
which makes it possible to mold 
automatically the glass fiber reinforced 
polyester resins which are currently 
being supplied in extruded “rope” 
form. With glass fiber reinforcement, 
the impact strength of the polyestei 
materials is improved, and with the 
molding attachment, the 
applications for these resins is in 
The 


cavities, 


automatic 


creased. attachment feed 
up to 24 located the 
whole area of the platen, in almost 
any The at 
tachment can be used with different 


can 
over 
arrangement pattern 


molds. The rope-feeder will accom 
modate various diameters of rope. 


Industry Intensifies Ph.D Recruitment 


Industry is branching out in its con 
stant for engineers. It 
always has been open season on the 
new B.S. graduates, but recent figures 
from Carnegie Techs Placement Bu- 
reau indicates a marked trend on the 
part of industry into the Ph.D field. 
his drive is accompanied by a signifi 


search more 


cant increase in the number of stu 
dents taking graduate work. 

In 1955 at Carnegie Tech, only 40 
the 
campus to recruit graduate students 
As of the latter part of 1956, more 
than 70 major companies have made 
arrangements for interviews. Since 
the interviewer for graduate students 
is quite different than for B.S. stu- 
dents, this year will be 
making two trips to the campus. Be- 
cause of the advanced education of 
the Ph.D candidate, the company 
recruiter is a technical man, such as 
research directors. For B.S. graduates, 
the recruiters usually are from the 
personnel department. (This latter 
approach to B.S, graduates is wrong, 
according to Chester Linksy, Asst. 
Prof. of Industrial Engineering, Penn- 
sylvania State University, see Per- 


companies sent interviewers to 


companies 


Mr. 


such personne! 


July 


claims 


spectives, 1956, p 129. 
Linsky that 
representatives ¢ innot answer! specific 
questions about the company’s engi 


Mr. 


where a 


neering department operation. 
Linsky 


recreation 


cited one instance 


director from a company 


arrived on campus to recruit engi 
neers.) 


The Ph.D candi 
dates will not be limited to those ex 


interviewing of 


pecting to get their degrees in June 


Recruiters are scouting as much as 
20 years ahead. According to Joseph 
W. Ludegig, Assit. Dean of Graduate 
Studies Asst. Hd. Metallurgical 
Engineering, “There are three reasons 
for this trend towards advanced in the 


Metallurgical Engineering Dept.: (1 


and 


the increase of fellowships granted 
from sponsoring private 
the 
metallurgical engineering 
fellowship at Carnegie Tech in the 
first year of graduate work, something 
the steady 
and continuing efforts of two profes 
sional societies, ASM, and the Ameri- 
can Institute of Mining and Metal- 
lurgical Engineers. 


corporation 


enterprises; (2) recent move to 


+ 
grant a 


not done before; and (3) 
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THE NEWS IN PICTURES 


a 


PRODUCTION OF the 20 ft long fuel sealed wing segments at 
Northrop Aircraft, Inc., has been increased 400 per cent with 
this automatic riveter which drives fuel sealed slug rivets at the 
rate of 7 rivets per minute without using soft metal sleeves or 
fuel sealant compounds. The Drivmatic riveter shown here was 
manufactured by General Riveters, Inc., Buffalo, N. Y. A tape 
controlled machine, three tapes control the positioning and 
cycling requirements. The drilling head drills, reams, counter- 





rivivasiit 





sinksg, and counterbores in one pass with one tool. Rivets are 
driven from the bottom, and are shaved flush with the skin. No 
feather edge is left by the shaver due to the slight counterbore 
(0.010 in.) made in the countersink. The curved part is kept 
horizontal at the drilling and riveting heads by twin cams which 
elevate and tilt the part to the proper attitude as the carriage 
travels. Two men can set up the machine, and one operator 
makes four parts in the time formerly required to make one. 


AN UNUSUAL FEATURE OF a liquid metal 
heated steam generator, model of which is shown 
here, is the double tube construction which, when 
combined with double tube sheets, forms two 
walls to separate the liquid metal from the water 
and steam generated. The heat is transferred from 
the hot liquid metal inside the inner tubes which 
are expanded into the outer tubes throughout their 
entire length. Both tubes are expanded into sepa- 
rate tube sheets, so in case any tube joint should 
fail, the metal fluids would flow into an interme- 
diate chamber. Fine grooves are formed on the out- 
side of the inner tube, or on the inner surface ot the 
outer tube, forming passages to permit the flow of 
a monitoring gas into the intermediate space be- 
tween the tube sheets. Manufacturer 
Russell, Massillon, Ohio. 


is Griscon- 
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A NEW ROLLING MILL designed for proc- 
essing pyrophoric materials used to make 
nuclear power fuel elements and other reac 
tor structural materials. It is believed to be 
the first rolling mill based completely on 
remote control operation within an airtight 
enclosure (glove box) containing a helium 
atmosphere. Built by the Stanat Mfg. Co., 
47-28 37th St., Long Island City 1, N. Y 

two TA-725 rolling mills will be used mainly 
as experimental mills at Argonne National 
Lab. in the development of processing meth 
ods to roll radioactive materials like plu 
tonium, uranium, zirconium, beryllium and 
thorium. A 2-high/4-high combination roll 
ing mill, it has 2} in. dia work rolls and 10 
in. dia backup rolls in various roll face 
widths. Using needle roller bearings on the 
roll necks, the mill has a maximum rolling 
load capacity of 600,000 Ib at a speed of 
100 fpm. Besides rolling both flat stock, 
rounds, squares, and ovals, fuel element fab 
ricators will have a single machine which 
can fulfill all their rolling requirements from 
the initial ingot to the final sheet 


THE PLASTIC MODEL shown here is that of a steel pressure 
vessel of a pressurized water nuclear reactor, which is being 
studied for the complicated «aresses which exist in the shell 
under pressures up to 2006 psi. Made from a_ photoelastic 
plastic, the pressure vessel is about 2 ft high, 14 ft in dia, and 
weighs about 100 Ib. After the model is cast, it is machined 
to shape, and 4 psi of air pumped into it to duplicate its work- 
ing pressure of about 2000 psi. The model is cured by heating 
which freezes the stress patterns. Samples are then cut out and 
studied under polarized light. The new photoelastic resin is said 
to be three times more sensitive in forming the desired stress 
patterns than previous materials. The photoelastic work is going 
on at the Westin: house Electric Corp., Box 2278, Pittsburgh 
40, Pa 
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SCALES BUILT INTO a materials-handling crane are 
saving 40 per cent of the time formerly used in weighing 
materials for inventory control. Baldwin SR-4 crane 
scales are installed between the crane boom and the load 
and the cab is equipped with a meter which indicates 
the weight of the materials. The two crane scales, made 
by Baldwin-Lima-Hamilton Corp., Waltham, Mass., hav 
a capacity of 2500 Ib, and are attached to the load as 


shown, with the SR-4 units carrying the full weight. 
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HIGH SPEED SEQUENCE PICTURES of rocket ejection seat, and cartridge ejection 
seat. (A) Arrow shows the standard M3 cartridge-actuated seat and dummy catapulted 
clear of the sled cab, while rocket seat, with rocket motor burned out is directly 
above it. Stream of smoke shows path of rocket seat. (2) In less than one second both 
seats are separate from dummy pilots. At this point the rocket propelled passenger is 
124 ft above the ground compared with the 55 ft reached by the cartridge-ejected 
dummy. The rocket sled was traveling at 240 mph. Even at 590 mph the rocket seat 
threw the dummy 60 ft above the height of the vertical fin of the rocket sled. (3) Para- 
chute of rocket propelled dummy is more fully opened, as chute of cartridge propelled 
dummy begins to balloon out. The rocket seat is visible at top, right. (4) Dummy 
from rocket seat, above, is making normal descent, while cartridge propelled dummy is 


not in a position for a good landing. 


Jet Plane Ejection Seat 


If tests prove favorable, jet aircraft 
pilots who must abandon their planes 
will be shot out of the plane on a 
new rocket propelled ejection seat. 
According to reports, the rocket seat 
gives the pilot a good chance of eject- 
ing safely from ground level in case 
of an emergency on takeoff or landing. 
Thirteen major aircraft companies 
or divisions of companies are working 
cooperatively on the ejection seat de- 
velopment program, under the direc- 
tion of the Air Research and Develop- 
ment Command and _ Convair. 
Objectives of the program are to de- 
velop a standard upward ejection seat 
applicable to all supersonic aircraft. 
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is Rocket Propelled 


The series of photographs here 
shows the comparison of a new 
RESCU (meaning, Rocket Ejection 
Seat Catapult, Upward) Mark I unit 
with the standard M3 type cartridge 
catapult now used. Instrumented 
dummies, simulating pilots, were in 
the seats when ejected. Both para- 
chuted to the ground without damage 
in a slow-speed (240 mph) run of a 
TF-102A nose section (has side-by- 
side seating) on a rocket sled. 

However, the tests showed that 
the rocket propelled seat will insure 
greater clearance of the aircraft upon 
seat ejection, a reduction in the de 
celeration rate as the pilot and seat 


unit is catapulted into the airstream. 
Also the rocket-propelled seat had a 
much higher trajectory out of the 
cockpit than did the cartridge ejected 
seat. -And while both parachutes 
opened successfully, the one attached 
to the dummy on the rocket-propelled 
seat blossomed more fully. 

[he rocket drives the seat forward 
as well as upward, softening the im- 
pact of the pilot on the strong air 
stream. With the rocket boost, the 
pilot decelerates more gradually. The 
acceleration on the discharge is built 
up gradually, compared to the sudden 
explosion of the M3 cartridge. 

The standard M3 
pult is a three-tube telescoping device, 


cartridge cata 
with its power stroke limited to the 
tubes 
before separation. At very high speeds, 
the air drag on the man and the seat 
causes binding of the tubes, and a 
reduction of the final ejection velocity 


maximum extension of these 


Aluminum Impacts Have 
Surface Cladding 


The Aluminum Company of America 
just announced that inexpensive alu- 
minum impact extrusions will be 
available with a thin surface cladding 
which will give cathodic protection, 
facilitate finishing, and make joining 
easier. This is expected to open new 
avenues of application of such alumi- 
num impacts, i.e., water filters, steam 
traps, electrical cases, small water 
tanks, and industry opera- 
tions where solutions or 
atmospheres are severe. 

It will be possible to clad high 
strength parts with an alternate alu- 
minum alloy which can be used for all 
types of finishing operations. In an- 
other application a thin layer of braz- 
ing alloy on either the inside or out- 
side of the impact extrusion will 
simplify the joining of appliance parts 
and other assemblies. 

[he technique uses Alcoa’s Alclad 
process where a thin layer of alumi- 
num alloy is bonded to sheet or plate. 


‘his alloy offers good corrosion pro- 





process 
corrosive 


tection. 

When clad by this method, it was 
found that the extruded parts are 
protected by the coating even when 
slight surface imperfections exist, a 
desirable feature in parts exposed to 
corrosive elements. 
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COMING EVENTS 


JANUARY 14-16, 1957 


3rd National Symposium on Reli- 
ability and Quality Control in Elec- 
tronics, Hotel Statler, Washington, 
D. C. The theme will be a “Report 
to the Nation on the Present Status 
of Reliability.” There will be 
concurrent sessions for four periods 


two 
during the days. 


JANUARY 14-18 


Society of Automotive Engineers, 
Annual Mtg. and Engineering Dis- 
play, Sheraton-Cadillac and Hotel 
Statler, Detroit, Michigan. 


JANUARY 16-18 


13th Annual National Technical 
Conference of the Society of Plastic 
Engineers, Hotel Sheraton-Jefferson. 
St. Louis, Mo. Theme of the show 
will be “Fifteen Years of Plastics 
Progress.” Technical topics 
are: Tooling and Machinery; Atomic: 
Design; Extrusion; Injection; Foams: 
Applications; Reinforced Plastics; In- 
strumentation; Compression Molding; 
Polyethylene; and Epoxy. 


session 


JANUARY 21-22 


2nd Industrial Economics Confer- 
ence, Fairmont Hotel, San Francisco, 
Calif. Sponsored by Stanford Re 
search Institute, the theme will be, 
“Implementing Long-Range Com- 
pany Planning.” Designed for the 
special interest of management ex 
ecutive sales managers, and research 
directors, 


JANUARY 21-22 


Solar Furnace Symposium, Hotel 
Westward Ho, Phoenix, Arizona. 
Session topics are: Design and Opera 
tion of Large Solar Furnaces; Furnaces 
for Basic and Applied Research; and 
Furnace Performance Determination 
and Control. Following the sessions 
will be a field trip to see a small fur- 
nace at the Arizona State College. 
There will be an address by Dr. C. C 
Furnas, Asst. Sec. of Defense for Re 
search and Development. 


JANUARY 23-25 


12th Symposium on “Instrumenta- 
tion for the Process Industries,” pte- 


Product Engineering — January, 1957 





sented by the Chemical Engrg. Dept., 
Agricultural & Mechanical College, 
College Station, Texas. Designed to 
lead to an improved understanding 
of the principles and practices of in- 
strumentation as applied to chemical 
industries. 


JANUARY 24-27 


General Management Conference 
of the American Management Associa- 
tion, Fairmont Hotel, San Francisco, 
Calif. Sessions will be on: Manage- 
ment Development Principles from 
Practice; A Practical Operating Man- 
agement Development Program; De- 
veloping Effective Managers in the 
Small Company; Management Plans 
and the Washington Perspective; 
and others. 


JANUARY 30-31 

3rd Annual Midwest Welding Con- 
ference, Illinois Tech. Chemistry 
Bldg., 3255 S. Dearborn St., Chicago, 
Ill. Sponsored by the Armour Re- 
search Foundation and the Chicago 
Chapter of the American Welding 
Society. Nuclear reactor welding will 
be highlighted. 


FEBRUARY 5-7 

12th Annual Society of the Plastics 
Industry, Inc., Reinforced Plastics 
Div. Conference, Edgewater Beach 


Hotel, Chicago, Ill. 


FEBRUARY 14-15 


Transistor and Solid State Circuits 
Conference, sponsored by IRE and 
AIEE, Univ. of Penna, Philadelphia, 
Pa. Sessions are grouped under: 
Switching Circuits; Computer Switch- 
ing; Linear Amplifiers; Power Cir- 
cuits; and Special Device Circuits. 


FEBRUARY 15-16 

Spring Meeting, National Society 
of Professional Engineers, Hotel 
Francis Marion, Charleston, South 


Carolina. 


FEBRUARY 26-28 


The 1957 Western Joint Computer 
Conference, Statler Hotel, Los An- 
geles, Calif. Under the joint sponsor- 


ship of the IRE, AIEE, and ACM, 
the theme of the meetings will be 
“Techniques for Reliability.” 


MARCH 6-8 

Spring Technical Meeting, Pressed 
Metal Institute, Carter Hotel, Cleve 
land, Ohio. 


MARCH 11-15 

The 1957 Nuclear Congress, Con 
vention Hall, Philadelphia, Pa. Ex 
pected to attract engineers and 
scientists from all over the world, the 
Congress has as its purpose, the pro 
motion of the use of atomic energy 
for peaceful purposes in all the na 
tions of the world. The 5th Atomic 
Energy for Industry Conference will 
be held in conjunction with the Con- 
gress. Over 200 exhibitors will dis- 
play equipment. In the engineering 
and science sessions will be 130 tech 
nical papers dealing with all phases 
of nuclear operations. Emphasis will 
be on new developments of potential 
value to civilian industry, especially 
in the field of metallurgy, chemical 
processing, and mechanical and power 
applications. 


MARCH 13-15 

Spring Meeting of the National 
Fluid Power Association, Hollywood 
Beach Hotel, Fla. 


PAARCH 18-21 

SPI Annual National Conference 
and Pacific Coast Plastics Exposition, 
Los Angeles, Calif. Sessions will be 
held at the Hotel Biltmore, on plastics 
in the fields of electronics, aircraft 
and defense, packaging, building ma- 
terials, appliances, sheet and cellular 
plastics, in addition to the latest de- 
velopments for processes and process- 
ing. The Exposition will be held at 
the Shrine Exposition Hall. 


MARCH 25-29 

10th Western Metal Congress and 
Exposition, Pan-Pacific Auditorium, 
Los Angeles, Calif. The congress will 
be in the Ambassador Hotel. 


APRIL 1-2 

Sth Midwestern Conference on 
Fluid Mechanics and the 3rd Mid- 
western Conference on Solid Me- 


chanics, held concurrently at the 
Univ. of Michigan, Ann Arbor, Mich. 
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plug mounting 


in all these Automatic Electric 


CLASS A: 
The “all-purpose” relay for use where first 
cost is important. Gives long, dependable 
service. Size: 4%” x 276” x 17%”. 





CLASS B: 
Made for extremes of long service life and 
dependability — often exceeding 400 
million operations! Size: 4%” x 2%" x 


1%". 





CLASS F: 
Low operating power makes this relay espe- 
cially desirable in a.c. circuits where relays 
function without specified operate or release 
time delays. Size: 4%e" x 115%" x 1%". 





CLASS S&S: 
Made for exacting miniature requirements. 
Used in aircraft where resistance to shock 
and vibration is needed in a small, light, 
reliable relay. (For printed circuit applica- 
tions—see below.) Size: 2%." x 2” x 1%”. 





CLASS Z: 
Provides maximum timing in a “small-as- 
possible,” low-cost relay. Compact, light, 
resistant to shock and vibration. Size: 3%" 
x 2%" x 11%". 





“PLUG-IN” RELAY FOR PRINTED CIRCUITS. 
Design of coil and spring terminals permits 
direct insertion into printed circuits with 
high-conductance connections, easily sol- 
dered. Bearing design gives up to 120 
million operations without readjustment or 
relubrication. Size: 1%" x 15%"-1%" (de- 
pending uponnumber of contact springs) x1”. 
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For any application, you can choose an Automatic 
Electric relay—a top-quality relay in every way—with 
the additional advantages of plug mounting: 
Minimized inventory—When you standardize on 
plug-in relays, you can often interchange the same 
basic relay in many models of your equipment. Thus, 
you make substantial savings by reducing your inven- 
tory costs, speeding assembly. 

Fast, simplified inspection and maintenance — Plug- 
in relays permit periodic bench inspections with almost 
no “down time’”’ involved. Entire banks of relays can be 
removed for testing, and then replaced, in seconds. 


Simplified replacement— Plug-mounted relays can be 
replaced quickly and easily at otherwise inaccessible 
points in your equipment. Even an unskilled service 
man can replace relays in a matter of seconds without 
tampering with circuit wiring. 

You can select Automatic Electric plug-in relays from 
five basic types and thousands of individual assemblies. 


Send for Relay Circulars 1800 —1804 —They give 
complete specifications, dimensional drawings, and help- 
ful information. Address Automatic Electric Sales Cor- 
poration, 1033 West Van Buren Street, (HAymarket 
1-4300) Chicago 7, Illinois. In Canada: Automatic Elec- 
tric Sales (Canada) Ltd., Toronto. Offices in principal 
cities. : 


Originators of the dial telephone + Pioneers in automatic control 


AUTOMATIC <> ELECTRIC eS 
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PRODUCT ENGINEERING - REFERENCE BOOK SHEET 


Stress Cycles in Planetary Gears 


LLOYD E. IVERSEN 


Industrial Power Div. International Harvester Company 


NOMENCLATURE 


number of teeth in sun gear (1 
number of teeth in planetary gears (2) (3 
number of teeth in internal or external (2nd 
sun) gear (4) 
number of stress cycles per hour for Ist, 2nd 
etc. gears. 
rph of driving member (input 
rph of driven member (output 
number of planets or planet pairs 
= Output torque 
input torque 
Order of mesh for gears is 1,2,3,4 


Wir GEAR where only two are 


meshing, the number of stress cycles that a particular geai 


SIMPLI TRAINS gears 
tooth receives during its desired life is simply the hours of 
desired life multiplied by the revolutions per hour of the 
gear in question. When three gears are meshing in the 
same plane and where one drives another through an 
intermediate gear, the above rule applies only to the first 
and last gear. The center gear suffers from reverse bending 
ind has twice the number of stress cycles. 

Planetary gear drives have three basic members, one of 
which is prevented from rotating. Power is applied to one 
of the two remaining members, called the driver, while 
the other is the take-off. It is not true to 
however, that of these members having zero 


rph has no stress cycles. Even knowing the rph of the 


pow CI Say, 


any onc 


other members does not predict accurately the number 


of stress cvcles bec 


} 


ause of relative motion a 


one another 


W 


iv or towards 


Below is a chart of formulas for calculating the cycles 


per hour per tooth of the indicated gears 
the plate or web that orients the planets 
spider is the driver it is the rph 
EXAMPLE 1 

the 
has 3 planetary gears (n 3 


\ simple planetary gear train of 
lable | 
driving member, is sun gear (1 fixed 
annulus or internal gear (4 
planet carrier, or spider 
is equired to find no. « 


during train life of 10,000 hours 
SOLUTION 


If no. of teeth in gear 
l'able I 

nJ|N4/(Nag4 =3 

17.4 10° 

QIININ«/ NaN, + Ng 

2 x (1500  60)/30 k M4 

2 


then from 


(N, 500 > 
10,000 
12(30 + 54 


ing 

nJ\|N Vi + Ng 

3 X (1500 & 60)/30 (30 + 54 
10 


10,000 


Table I—Planetary Gear System With One or More Single Planets 


type 


member is 


f stress cycles of gears 1, 


60)154 30 +51 


Tooth will also be subjected to 


lhe spider is 


When the 


of the spider that is used 


illustrated 
lhe input, or 
the 


Output will thus be through 
Input speed is 1,500 rpm. It 


2, & 4 


< 10,000 


10,000 


reverse bend 


10.000 


(continued on page 221 


; 





Spider 


Spider 


N 


‘Veale 
Driver Leverse bending 


Spider 


Spider 


nJ N3/(Ns3 2J [NiNa/N2(Ni + Na] 














Seat 


es 


Where sun ge 


and spider 1s « 


Speed ratio } 
Torque ratio R 1) } 
For 100% efficiency 
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SOLENOIDS 


HV0' OIL-IMMERSED 


ee re tie Na x SS Far ens #@ 
- ? es ee - - Seal, 
4 oo ait a, 
om Ps 
Ae ae 
E ver we Oa bs 
f . , # ‘4 
e ys 


INSTALL THEM AND FORGET. 
THEM. TESTS SHOW NO 
APPRECIABLE WEAR 
AFTER MILLIONS 

OF STROKES. 


SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenoids are made in a complete range of types, sizes and 
mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


OMPANY 
2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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PRODUCT ENGINEERING - REFERENCE BOOK SHEET 


Stress Cycles in Planetary Gears (continued from page 219) 


Table I1J—Planetary Gear System With One or More Pairs of Planets 





\ \ 
Driver erse Bending Reverse Bending 


Spide I 
Spide I 


Spider 


Spider 




















Table I1I—Planetary Gear System With Stepped Planets and Internal Gear 





Fixed Driver 


Spider 


i 


Spider 


Spider 


When sun gear is input 
and spider is output 


| N3/(NiNs + NiN 
VIN VN») /NN 

















(continued on page 223) 
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BLOOD BROTHERS makes your 


anguiority requir 
Constant oF 


Spec 


Many engineers are saving valuable time—right at 
the start of a project—by filling out and returning a 
“Spec Sheet” like this to Blood Brothers. Why not try it? 
With your power transmission requirements in mind, 
our engineers will make recommendations and sub- 
mit engineering drawings. You save designing and 
drafting time, and perhaps forestall problems, by hav- 
ing the initial teamwork of experienced specialists. 


BLOOD BROTHERS 
MACHINE DIVISION 


ROCKWELL SPRING AND AXLE COMPANY 
ALLEGAN, MICHIGAN 


ENGINEERING JOB 


EASIER 


. regardless of whether 
your project requires a sin- 
gle universal joint such 
as this 


...a complete agricultural 
type assembly 


... OF an automotive or in- 
dustrial truck propeller 
shaft like this 


Just fill out and mail a 
sheet like THIS—and let 
BLOOD BROTHERS’ En- 
gineers propose a helpful, 
practical solution to your 
Drive Line Problem! 


I} [he 100 IS HNUSHaA 


, , + 
l or the problen 
i 


Blood Brothe) experience Can be invaluable 
This service is offered without extra charge because 
we can work more efficiently with all the facts in hand. 


Blood Brothers builds more standard types and sizes 
of universal joints than any other manufacturer (from 
300 up to 89,300 torque inch pounds continuous load). 


Why not use this experience on your next project? 
Write Blood Brothers today for your handy"’Spec Sheets.”’ 


UNIVERSAL JOINTS 
AND DRIVE LINE 
ASSEMBLIES 
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PRODUCT ENGINEERING - 


REFERENCE BOOK SHEET 


Stress Cycles in Planetary Gears (continued from page 221) 


Table IV—Planetary Gear System With Stepped Planets and External Gear 





Fixed Driver N 


Spide 
Spide I 


Spider 


Spide I 


nJ|N2Ni/(N2Ni—NiNs 


nJ|N2Na/(N2Ni—NiNs3)] 














\ \ Vi 








When sun gear is input 
and spider is output 


is/(NiNs 
=- W 


— NN, 
N,N: — NN; 


NWN: 








EXAMPLE 2 


A planetary gear system has one pair of stepped planets 
n 1) and an external gear as illustrated in Table IV 
Input is through the sun gear (1), 
spider 


mem! 


fixed member is the 

Output is through external gear (4). Driving 
yer speed is 1,200 rpm. Required are no. of stress 
cvcles in all gears, for a train life of 10,000 hours. 


SOLUTION 


If no. of teeth in gears are N 


N, 35 Table I\ 


then from 


10,000 
1.200 « 60 
2 x 10 
(N; V; JN,/Nz X 10,000 
1,200 « 60)(28/20) * 10,000 
1,008 « 10° 
Na). = nJNiN3/NiN, X 10,000 
1 X (1,200 * 60)/(28 « 12) /(20 
3,456 & 10° 


10,000 


= ( 


10,000 
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EDITOR’S NOTE—Further information concerning planetary 


gearing can be found in the following Product Engineering 
articles: 


“General Equations for Solving All Planetary Gear Ratios”, 
4th Product Design Digest Issue, page E12a. Solutions for all gear 
train arrangements are derived from one basic general equation. 


“Whole Number Solutions of Indeterminate Equations for 
Gearing”, May 1954, page 198, shows how a method of Dio- 
phantine equations can be applied to the solution of gear prob 
lems involving indeterminate equations. Method applies especially 
to planetary gearing. 

“Formula for Epicyclic Gear Train of Large Reduction”, Dec. 
1954, page 213. 

Important information on gearing also appears in 

“Wear Life of Aluminum Gears”, Sept. 1956, page 160. An 
analytical procedure is given for estimating the probable life of 
aluminum gears. 

“Methods of Specifying Precision of Spur Gears”, Nov. 1956, 
page 135, includes methods of making measurements and con 
verting AGMA and modified AGMA systems one to another. 

“Effect of Gear 
1954, page 129. 


Size on Gear Design Calculations”, Apr 





NEW COMPONENTS 





Reversible Solenoid Valves With Replaceable 


A ball check system in the pilot 
heads of these poppet-type air con- 
trol valves automatically selects pilot 
pressure from whichever port is used 
as inlet. As a result, two and three- 
way valves can be piped normally 
open or normally closed to pressure; 
four-way valves can be piped with 
supply to either of twe inlet ports to 
provide desired piping conditions. In 
all cases, there are no changes to make 
in the valve assembly. Piping to the 
proper port is the only type of change 
that is necessary. 

Another function of the ball check 
system is to pilot 
the head after the piston 
poppet has shifted in the valve. In 
idequate supply to the valve and loss 
of pilot pressure after the piston 
poppet has shifted is a frequent cause 
of malfunction in some poppet-type 


retain pressure 


within 


valves, according to the manufac 
turer. The requirement of full-size 
piping to the valve is eliminated with 
the ball check system used in these 
solenoid-controlled units. 

Subplate mounting is provided in 
all valves in the new line. A complete 
valve assembly can be replaced in less 


+ 


than 2 min, by loosening the four 
mounting screws that hold the valve 
body assembly to the subplate. Piping 
disturbed. Similarly, 
pilot heads are quickly replaceable a 
1 unit simply by removing the fou 
screws which are used to attach it to 
the valve body. 


need not be 


\ valve of this design can be com 
pletely serviced or its operating cycle 
changed even in the line, in less than 
15 min, it is claimed. 

The cover plates of the valve body, 
when removed, give immediate access 
to the piston-poppets and inserted 
valve seats. These parts are removable 
as complete assemblies. Unscrewing 
the pilot stem retainer allows the 
only moving part of the pilot head to 
be replaced. Solenoids may be lifted 
from the locating pins simply by loos- 
ening the four cover screws. This part 





EXPLODED VIEW of four-way valve with single solenoid pilot head. 


is also separable from ball check hous- 
ing 

Servicing of more than 100 valve 
combinations is possible with less 
the 25 individual parts. As a result, 
fewer models will satisfy more applica- 
tions. 

All poppet seats in the valve body 
and in the pilot heads are replaceable 
Since poppets do not seat on the valve 
body at any point, damage to any 


seat is not serious, since it can be 
quickly and inexpensively repaired or 
even replaced 

All internal 


valves 


the 
are larger than the cross-sec 
tional area of standard pipe sizes with 
which each model is to be used. Since 
both piston-poppets and pilot head 


passages of new 


poppets ar¢ 
excess of 600 cpm are practicable with 
these valves. 

Expected applications for the three- 
wav valves include: control of single- 
(spring-return) cylinders, 
double-acting cylinders, two-pressure 
operation of a double-acting cylinder 
and to provide directional control. 

Four-way valves will likely be used 


short stroke, speeds in 


acting 


to obtain reciprocating action with 
double-acting cylinders, to 
long-stroke, double-acting cylinders 
when maximum speed is not of prime 
importance, to obtain fast action and 
quick reversal of short-stroke cylinders 
to provide control of low-pressure and 
vacuum operation, to contro] fluids 
other than air. 


operate 
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AND MATERIALS 





SPECIFIED 


BY 


PRODUCT 


Poppet Seats Are Ball-Check Controlled 


Solenoid 
Manual 
pushbutton 
8 


Pipe tap for remote 


pressure supply Boll check 
i 








Connected 
'-fo port B 





= 














| Connected 
+-fo portA 








Designed to operate with air pres 


150 psi, and hydraulic 


250 psi, inv of these valves 
may be adapted to SeTVICE 
The synthetic seals that are 
used in this line of controls are suit- 
able for service temperatures ranging 
from 0 to 250F. 

The complete line requires only 
four valve bodies. They are: 4-2 in., 
two and three-way; 4-} in., two and 
three-way; }-2 in., four-way; 4-3 in., 
four-way. Either bottom 
ported subplates are available on four- 
way models. Three types of pilot con- 
trol heads are provided, master (air), 
single and double solenoid. They are 
interchangeable on all two, three and 
four-way valves, regardless of pipe 
size of the particular unit. Galland 
Henning Mfg. Co., 2753 S. 31 St., 
Milwaukee 46, Wis. 


For more information— 


sures to pres 
sures to 
vacuum 


rubber 


side or 


Circle 1, inside back cover 


Replaceable 
seor 


Subplote Cyl l 


Cyl I 


O 


open to exhoust 












































O 








O} 


Exhoust 
‘ ports portA 
Piston poppet 


spacer 


Supply t 


Exhoust 
port 8 


Section B-B 


CROSS-SECTIONAL at left, below, shows how ball check is held off (or on) seat at 


all times by pressure 


De-energized flow shown at right, above. 


Pressure, introduced 


behind pistons, forces poppets across to opposite seats. 





Spherical Bearing 


A spherical bearing has been de 
veloped that is manufactured at pres- 
ent in 3 to 14 in. shaft sizes. Addi 
tional sizes up to 6 in. are being 
planned. Better lubrication is claimed 
for this bearing, through a 
hatched, oil-grooved surface finish on 
both ball and socket. The balls are 
heat-treated, bores are honed and the 
sockets are of a softer type of ma- 
terial. 


cTOSS 


he socket is split on the horizontal 
center line like a conventional bearing 
ind the bore in which it is mounted 
completes the assembly. The sockets 
and easily altered, 
adapting them to several methods of 
anchorage to machine parts. Ralph 
F. Stallman. 4800 Reinhardt 
Oakland 19, Calif. 


are machinable 


Drive, 


For more information— 


Circle 2, inside back cover 


CONTINUED ON PAGE 
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NEW COMPONENTS 


AND 


MATERIALS 


. continued 





ELECTROMAGNETIC STATOR (left) and oriented permanent magnet, 


, 
whe Ee 


together 


with rotor of the type with which such components are used. 





225 25 275 30 


02 ~ 


~“ 
o 
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Energy product- Bd Hd x 10® 
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Energy product -Bd Hdx 108 
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~™ 

on 
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Induction — B — gauss 





2000 _ 1750 1500 1250 





1000 
Demagnetizing force —H —oersteds 


750 500 250 








DEMAGNETIZATION and energy product curves for ton-oriented magnets. 


Oriented Ceramic Permanent Magnets 


An oriented ceramic permanent 
magnet material, that is said to pro- 
duce an extremely high peak energy 
product, is expected to make possible 
savings in both magnetic material and 
space. Made of a newly developed fer 
rite magnetic material, which is ori 
ented in the direction of pressing, 
Indox V produces a peak energy prod 
uct of approximately 3.5 x 10°, as com 
pared to 1.0 x 10° for Indox I, which 
is non-oriented. 

On an equivalent weight basis, the 
new ceramic magnet’s light weight 
(0.181 Ib/cu makes its 
comparable to Alnico V. Because of 
its extremely high coercive force 
(2000 oersted), length required is 28 


in.) energy 


per cent that of Alnico V at optimum 
operation. The area is 57 per cent of 
non-oriented ceramic magnets. 

Residual induction (B,) is 3840 
At the point of peak energy 
product, there is a flux density (B,) 
of 1920 gauss and demagnetizing force 
1820 oersted. The new product pro 
vides a wider high-efficiency operat- 
ing range than Alnico V because the 
maximum energy product does not 
have a sharp peak. 

Another advantage is that this 
magnet material contains only non- 
critical materials. Other properties 
include resistivity on the order of 
10,000 to 20,000 ohm-cm, and a low 
incremental permeability. 


' 
gauss. 


Indox V is well suited for appli 
cations such as d-c motors, synchro 
drives, TV traveling 
wave tubes, loud speakers, magnetic 


nous focusers, 
tractive 
devices where size is important. In 
diana Steel Products Co., 
Ind 


clutches, and a variety of 


Valparaiso, 


For more information 


Circle 3, inside back cover 


Switch with 
Adjustable Actuator 


Ihe actuator arm can be adjusted 
14 deg 
and can be altered upon or after in 
stallation to 
ments. 


infinitely through an arc of 


meet specific require 
Single-handed adjustment is 
made by rotating adjusting screw to 
the desired setting, which permits a 
constant check of the operation with 
the other hand. Fixed actuator posi 
tion is maintained permanently by a 
locknut at the rear of the actuator. 
Che adjustable roller arm actuator is 
excellent for direct, cam or slide op 
eration. Rated at 10 amp, 125 
-c, 28 v d-c inductive. Electro-Snap 
Switch & Mfg. Co., 4218 W. Lake 
St.. Chicago 24, Il. 


250 vy 


For more information— 
Circle 4, inside back cover 


Self-Wedging Nut 


made of 
four parts: an outside shell that holds 
two tapered wedges, and a cap that 


This self-locking nut is 


keeps the two wedges in the outside 
shell 
tion with the external cone, interlock 
slipped into position on a 
threadless rod, so that they have a 


The two wedges, in combina 


when 


CONTINUED ON PAGE 228 
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OF ANY METAL... 


turn fo Turco...FIRST! 


DESCALING: Complete line of deoxidizing and polishing products 
for all alloys of aluminum. 


COATING: Economical and “quick fixing” conversion coating for 
application by spray, dip or hand methods. Approved to MIL-C-5541. 
Insures paint adhesion, stops aluminum corrosion. 


PROTECTION: Alkali-removable protective film for aluminum alloys 
both during storage (in plant and outdoor) and during fabricating 
practices. 


e descaling 


e coating 
e protecting 


If your requirements call for chemical 





DESCALING: Complete line of alkaline and acid descaling media. 


COATING: Full line of iron, zinc and manganese phosphate com- 
pounds to provide a tight coating for better adhesion of organic 
finishes and for oil absorption. These materials all meet the 
various requirements of applicable government specifications. 


PROTECTION: Versatile group of products for nrotection of parts 
from the elements. 


processing of metal, chances are you'll 
find your best solution in the complete 
Turco line. Charted here are a few of 
the chemical processes Turco 
manufactures for the metal-working 
industry. There are many other types of 
Turco processes that perform effectively 
on any known metal. Why not use the 





TITANIUM 


DESCALING: Approved and accepted process for conditioning and 
removing scale from all current titanium alloys, both after heat 
forming to 1150° F. and heat treating to 1750° F 


COATING: Acceptable anti-galling and seizing conversion coating 
for the major alloys of titanium. Also used as base for lubes. 
Requires no post-heat treatments. 


PROTECTION: Easily removable coating to protect titanium against 
tightly adhering scale up to 1600° F. during hot forming or heat 
treating. 


coupon below to write for free 
literature on the metal you are 
processing? There is no cost... 
no obligation. 





STAINLESS 


DESCALING: Process for completely removing heat scale from 
various alloys (including 17-7 PH 


COATING: Easily removable coating to protect stainless steel 
against tightly adhering scale up to 1600° F. during hot forming or 
heat treating. 





MAGNESIUM 


For Cleaning 
or Metal 
Conditioning 
Problems — 
Turn to Turco 
. +» First! 


Product Engineering 


DESCALING: Non-electrolytic alkaline process for removing pre- 
vious chrome pickle films as well as oily substances often found 
on magnesium. 


COATING: One-package powdered product which, when in solution 
with water, replaces Dow #17 treatment. Requires no mixing of 
chemicals. Eliminates chance of human error. 


PROTECTION: Sin ~ 4 -package touch-up liquid to produce coatings 
equal to Dow #18 treatment. 


(Note: All magnesium processes mentioned above are approved for 
use by Magnesium Department, Dow Chemical Co.) 


ple 


Hot or Cold Immersion Spray Washing Steam Cleaning 


F 


Solvent Sproy Flaw Location Point Removing 


January, 1957 


TURCO PRODUCTS, INC. 
Chemical Processing Compounds 


6135 So. Central Ave., Los Angeles 1, California 
Factories: Newark, Chicago, Houston, Los Angeles, 
London, Rotterdam, Sydney, Mexico City, Nahe (Okinewo) 


Manufactured in Canada by B. W. Deane & Co., Montreal 
Offices in all Principal Cities 


PLEASE AFFIX COUPO? 


TURCO PRODUCTS, INC. 
6135 So. Central Ave., Los Angeles 1, Calif 


Please send free literature on chemical! processing of the 
metals checked 
Titenium — 


Stainless Stee! Magnesium 


Stee!_.__Aluminum Other (specify) 


NAME___ 





NEW COMPONENTS 


AND 


MATERIALS 


. continued 





locking grip. The rows of teeth on 
the wedges abrade the rod. In tensile 
tests, according to the manufacturer, 
the rod will break at full strength. 
These nuts are currently available 
in 4, 2 and 4 in. shaft sizes. Morrow 
Mfg. Co., Inc., RFD 1, Old Baptist 
Road, E. Greenwich, R. I. 
For more information— 


Circle 5, inside back cover 


= 4- Glass 


Plostic 
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Mounting for Glass Panel 


The mounting consists of a Tenite 
plastic channel with an integral, shock 
absorbing cushioning spring inside the 
lhe to b< 
flexible enough so that it will grip the 
glass panel with both legs and can 
be installed on the glass before as- 
sembling the glass into the frame. 
I'hese extruded channels are made to 
specifications and can be designed to 
accommodate any glass thickness. 
Anchor Plastics Co., Inc., 36-36 36 
St., Long Island City, N. Y. 


For more information— 


channel. material is said 


Circle 6, inside back cover 


Solenoid-Operated 
Rotary Switches 


Heavy-duty rotary multipole 
assembled with solenoid 
rotating devices that drive the switch 
through the cycle of contact positions, 
provide remote automatic or semi- 
automatic control of a series of com- 
plex circuits. The indexing stroke 
of the solenoid device is matched to 
the degree of rotation between con- 


switches, 





tact positions of the switch, and drives 
the rotor one position each time the 
solenoid This cir 
cuit may be closed by pushbutton or 
by simple mechanical motion of the 
governed machine, providing the con 
trol needed for automation. 

The electrical load 
mental conditions determine the ro 
tarv switch and solenoid rotating de 
vice that must be used. Electro 
Switch Corp., Weymouth 88, Mass. 


For more information— 


circuit is closed. 


and environ 


Circle 7, inside back cover 





Cam-Actuated Snap Switch 


A snap switch has been developed 
which is said to eliminate arcing and 
vibratory contact during actuation. 
This action is achieved by a mechan- 
ism which provides an ever-increasing 
pressure contact immediately before 
the actual breaking phase. The 
switch can make positive, completely 
noise-free contact in than 450 
microsec. C. Torres Engineering Co., 


S. Hackensack, N. J. 


For more information- 


le SS 


Circle 8, inside back cover 


Valve Protector for 
Hydraulic Systems 


A two-way union-filter to protect 
hydraulic system valves and other 
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components consists of two frameless 
wire-wound filter elements welded to 
a union. The unit can handle the 
flow of hydraulic fluid in either direc- 
tion. The filter will stop all particles 
down to 0.003 in. in size. Unions 
can be made in all AN sizes for stand 
ard aircraft practice and are available 
in aluminum, stainless or plated steel. 
Purolator Products, Inc.., 


ae 


Rahway, 


For more information— 


Circle 9, inside back cover 


Compass and Ellipsograph 


This instrument is easily converted 
from a beam compass to an ellipso- 
graph, which draws ellipses with any 
radii from jg to 12 in. and to 
degree from 10 to 65 deg., 
the limitations of ordinary french 
curves or other devices. As a simple 
beam compass, the principal com- 
ponents are two aluminum blocks 
which move freely along the length 


of the beam. One block holds a 


any 
without 
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| Only 3.15 Ibs. 





Only 
9/16 Thick 


“Fg O.D. 


12.125 1.D 











Kaydon... 


world’s thinnest tapered roller bearings 


Reali-Slim line. In addition to hundreds of Reali-Slim 
standard sizes, there’s a big variety of special races 
and separators to meet special applications. Kaydon 
engineers are prepared to give you valuable help with 
your application problems. 


P gq Slim — that’s the name we’ve given our line of 
extremely thin-section, lightweight bearings. The 
bearing shown above is a Reali-Slim. Reali-Slim bear- 
ings are really strong, too! The single row, tapered roller 
bearing we’re talking about, here, has a 33,000-lb. radial 
capacity—with 38,200-lb. thrust capacity. Over 1-ft. in 
diameter, yet it weighs only 3.15 lbs! These figures tell 
how Reali-Slim bearings combine minimum section with 
high strength and long life. 

If you’re looking for a whole new concept in thin- 
section, lightweight bearing design — look at Kaydon’s 


aw KAYUUN 


———__——————MUSKEGON @ MICHIGAN 


All types of ball and roller bearings - 


For more information write Kaydon of Muskegon. 
Ask for engineering Catalog No. 54-RS detailing: 


* Reali-Slim Ball Bearings — in Conrad, angular contact and 
4-point contact types are available in seven 

standard cross sections from 4,” to 1.000” and 

in bore diameters from 4” to 40.000”. 


* Reali-Slim Roller Bearings — in radial and taper 
roller types are available in cross sections from 
9/16” and in bore diameters from 5” to 40.000". 
K-52 
ENGINEBERIN G co RP. 


4” to 120” outside diameter 


Taper Roller © Roller Thrust © Roller Radial ¢ Bi-Angular Roller © Spherical Roller @ Ball Radial ¢ Ball Thrust Bearings. 
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pivot pin, the other a lead point. 
Adjustment is provided for circles up 
to 24 in. dia. Aero Engineering Sales 
Co., P. O. Box 85, Azusa, Calif. 


For more information— 


Circle 10, inside back cover 


Gear Reduction Pulley 


This drive contains a gear reduction 
unit inside a pulley. Equipment can 
be narrower in width and without 
overhang on the drive side, according 
to the maker. Variable speeds are 
obtainable with this drive pulley by 
mounting motor equipped with a 
variable pitch pulley on sliding base. 
Bunke-Musser, Inc., Dept. 117, Jack- 
son Center, Ohio 

For more information— 
Circle 11, inside back cover 





Thermostat for Up to 700 F 


A general purpose thermostat, with 
temperature ranges up to 700 F, is 
designed for such applications as deep- 
fat fryers, coffee urns, ovens, sterilizers, 
water and oil heating, metal platens, 
process ovens, degreasing tanks, melt- 
ing pots, and compressed air heaters. 


Copper bulbs and capillaries are sup- 
plied for applications up to 250 F, and 
steel bulbs and capillaries for use up 
to 700 F. Switching mechanism is 
double-pole, single-throw, snap-action, 
normally closed or normally open, for 
a-c operation. General Electric Co., 
Schenectady 5, N. Y. 

For more information— 


Circle 12, inside back cover 


Subminiature 
Snap-Action Switch 


This switch is for operation in a 
temperature range of —65 F to 250 F. 
A built-in metal leaf actuator allows 
for actuation at any point and pro ides 
protection for the neoprene housing. 

Hermetically 
designed for use in hazardous and ex- 
posed locations and will operate safely 
immersed in liquid or gas. Switches 
are available in three different circuit 
designs; single-pole, double-throw; 


sealed, this switch is 


single-pole, normally open and single- 
pole, normally closed. Dimensions are 
gx § x # in. wide. Milli-Switch Corp., 


Berkeley 


1742 
Calif. 


St., Santa Monica, 


For more information— 
Circle 13, inside back cover 





Rotary Joint 


A rotary joint for use on steam, air, 
water, oil, gas, or alternating hot and 
cold service is suitable for pressures 
from 0 to 200 psi, steam; to 400 psi, 
hydraulic; for temperatures to 450 | 
The unit is said to be able to operate 
at any ordinary rotating specd. It is 
now being produced in eight standard 
sizes from 4 to 3 in. Barco Mfg. Co., 
Dept. J-34, 500 Hougia St., Barrington, 
Ill. 

For more information 


Circle 14, inside back cover 





Expansion Joints 


Series 50 joints are for lower line 
pressures while joints in Series 150 and 
higher are for higher pressures. The 
shape of the corrugations which form 
the flexing member are said to give 
each more effective 
height, which results in greater flexi- 
bility and therefore uniform 
movement per corrugation. Joints are 
available with either flanged or welding 
ends. At slight additional cost, all 
joints may be provided with external 
covering shields. Badger Mfg. Co., 
230 Bent St., Cambridge, Mass. 


corrugation a 


more 


For more information— 
Circle 15, inside back cover 


Cam Limit Switch 


\ rotating cam limit switch with 
15-amp contacts, designed to synchro- 
nize multiple operations, has a micro- 
meter adjustment of each 
individual switch mechanism in re 
lation to its cam. This adjustment 
can be made with a screwdriver, from 
the outside, the 
motion 


ScTew 


while switch is in 

The switch is made in three stand- 
ard sizes accommodating up to five, 
nine, or twelve cams. The _ split 
butterfly cams can be set with a spread 
“make” and “break” 
of from 15 to 345 deg., with external 


in-motion adjustment of 


between circuit 


15 deg. 
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USING 


DU PONT ELASTOMERS 


Temmeok-t-theona 


New NEOPRENE closure strip weatherproofs 
corrugated roofing and siding 


Tire sidewall 


of HYPALON 
stays white, resists 
sunlight, ozone 


A leading tire manufacturer has greatly 
improved the appearance and perform- 
ance of whitewall tires by using a special 
rubber compound which includes a sub- 
stantial amount of HyPALon, Du Pont’s 
new synthetic rubber. Road tests in the 
Los Angeles area show that the in- 
clusion of HyPALON keeps the sidewall 
from cracking and becoming discolored. 

Chief reason for this success is the 
outdoor stability of HyPALON. Minute 
traces of ozone in the air are the primary 
cause of whitewall deterioration, but 
HyYPALON is completely unaffected by 
ozone, It also withstands sunlight, weath- 
ering and discoloration far better than 
other kinds of rubber. 


idea for extra-long service 


HyYPALON also has many other properties 
of interest to designers. It shows un- 
usual resistance to hardening at elevated 
temperatures (250°-350°F.) and has ex- 
cellent resistance to solvents and chem- 
icals, including strong oxidizing agents, 
These properties make HYPALON a wise 
choice for use in many industrial prod- 
ucts, such as gaskets, molded parts, 
diaphragms, belt, hose—any resilient 
product that must give long cost-saving 
service where service conditions are se- 
vere, Just clip coupon for more informa- 
tion about HyPALOon, 


Lasting whiteness for sidewalis is now 
a reality with HYPALON. This versatile 
synthetic rubber can aiso be com- 
pounded in an unlimited range of light- 
fast colors. 


— 
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NEOPRENE CLOSURE STRIP 








& ai i ‘bs 4 
Elastic strip withstands temperature 
extremes ... eliminates caulking 


A new neoprene closure strip has been 
developed which, according to the manu- 
facturer, will solve the problem of weath- 
erproofing corrugated roofing and sid- 
ing. Only an inch wide, this non-porous 
closed-cell neoprene closure strip is die- 
cut to fit corrugations, forming a snug 
seal. Neoprene’s long service life assures 
lasting protection for a building’s ex- 
terior from dust, dirt, water and air—at 
minimum maintenance. 

The closure strips are installed on 
roofing under the aprons of ridge roll 
and under flashing sections at roof junc- 
tions and side walls. They're fastened at 
the same time as the corrugated sheeting. 


(Above) Diagram shows position of neo- 
prene closure strip on side wall. (Left) 
Close-up shows manner of boiting neo- 
prene strip to flashing section 


No separate caulking is required. 
Neoprene’s elasticity and lasting resist- 
ance to weathering, temperature extremes 
and aging are vital to the success of the 
closure design. The strip stays elastic, 
won't become brittle and then crack in 
cold weather or become soft and sticky 
in hot weather. You may find just the 
properties your designs need in neoprene, 
Du Pont’s versatile synthetic rubber, For 
more information, just clip the coupon, 
ey some, | 





— | 
Hundreds of feet of neoprene ciosure strip- 
ping are used at roof, side wali, window 
and door junctures of this typical buiiding 


— a - 


MYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc 


BETTER THINGS FOR BETTER LIVING . . 


I am particularly interested ir 


» THROUGH CHEMISTRY 








Please add my name to the mailing list for your free publication, “The 


Elastomers Notebook.’ 


Name 





E.1.du Pontde Nemours &Co.(Inc.) pir 





Elastomer Chemicals Dept. PE-1 Address 
Wilmington 98, Delaware City 
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Contact assemblies may have two 
sets of contacts, one normally-closed 
and the other convertible 
open or normally closed. 
Contact operating arms bearing on the 
cams have nylon rollers which virtu 
Both fixed and 
moving contacts can be inspected from 
the outside through a transparent 
panel in the oiltight case. Cams are 
individually adjustable and removable 
without disturbing other cams. Con 
tacts and replaced 
without disassembling the switch. ‘The 
switch is designed to operate at speeds 
up to 100 rpm, and rotation can be 
either clockwise or counter-clockwise. 
Clark Controller Co., Cleveland 10, 
Ohio 


either 
normally 


ally eliminate wear. 


can be removed 


For more information 


Circle 16, inside back cover 


D-c Power Rectifier 


This regulated power supply uses 
amplification to maintain 
selected output voltage within +10 
percent variation in input voltage. 
Input is 208, 220, 440 v, three-phase, 
60 cps; output: 44 or 52 

Design employs a three-phase bridge 
selenium rectification, and 
amplifier. Rapid Electric 
Middletown Road, Bronx 


magnetic 


v, 60 amp. 


circuit, 
magnetic 
Co., 2881] 
61. WN. Y. 
For more information— 
Circle 17, inside back cover 


Single Turn Potentiometer 


his potentiometer, with an operat- 
ing temperature range of —55 C to 
100 C, is said to have application pos- 
sibilities in instrumentation and 


general _ servo-mechanism usages. 


Weighing approximately 14 oz, the 
unit is 11s long, beyond bush- 
ing. The single-turn unit has a total 
to 40,000 ohm. 


x 84 In. 


resistance range of 50 
with linearity as close as +0.25 pet 
cent. Electromath Corp., 190 Henry 
St., Stamford, Conn 


For more information 


Circle 18, inside back cover 


Self-locking Nylon Nut 


This fastener is an 
that 


inner surface of the 


unthreaded 


nylon nut into a 


hole 


rials being 


snaps square 


in the mate 


joined. It has self-retain 


ing features so that it can be inserted 


la 


without 
during 


during runs 


dislodged 


production 
danger of being 
handling 

A self-tapping screw driven into the 
nut by either hand or power tool en- 
gages the mating portion and im- 
presses its own threads on the inner 
wall. As the tightened the 
counterbored section is drawn upward 
and outward, rigid collar 
behind the side of the inner 
piece of metal, and locking it in place 
['ru-Lock Fasteners, Inc., Woodbury, 


Conn. 


SCTCW 1S 


forming a 


lower 


For more information 


Circle 19, inside back cover 


Two-Element Oil Pump 


Both elements have built-in check 
valves to prevent a reverse flow, and 
the hydraulic element incorporates a 
relief valve. 
tive displacement, 


Mounts on 


pressurc Pump is posi 


rotarv vane tvpe. 


accessorv drive of gas 
turbine engine equipped with spline 
drive 

Capacity at 3750 rpm is 60 psi gage 


discharge pressure at 176 C. Hy 


draulic relief valve is set to by-pass 
full flow from the hydraulic element 
fluid 
Lear-Romec Div., 
Ohio 


For more information- 


when recirculates 
within the pump. 


Elyria, 


at 150 psi 
Lear, Inc., 


Circle 20, inside back cover 


Vinyl-Coated 
Steel and Aluminum 


An adhesive is applied to the metal 
and heated to temperatures. 
After a film of liquid vinyl 

applied 0.002 to 0.020 in. thick. 
[he material is then brought to a high 
again, and embossed. 
Coiled metal which can be processed 
into either sheet or strip is provided. 
Sun Steel Co., 1702 W. 74 St. 
Chicago 36, III. 


high 
cooling, 


temperature 


For more information— 


Circle 21, inside back cover 


Time Interval Meter 


Vhis 


measurement of elapsed time between 


instrument is designed for 
two events occurring in the range of 
Optional fea- 
tures include extension to 10 or 100, 


10 microsec to 1 sec. 


000 sec. 10 microsec. 
The may be 
started and stopped by independent 


or common voltages representing opti- 


: nL 


+o A a-@°2) 


Accuracy is 


measurement interval 
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CMP 


RESTRICTED 
SPECIFICATION 


COLD ROLLED 
STRIP STEEL 


Processed to meet special gauge 
tolerances and provide special 
finishes and physical prop- 

erties . . . solves many 
fabrication, cost 

& performance 

problems. 


Helping to overcome metal fabricating difficulties, improving products 
without skyrocketing costs or just getting costs down are usual events 


with CMP. 


For example, the manufacturer who was heat-treating formed steel parts 
subsequently assembled with other components into a powered unit. The 
forming involves severe deformation and was hampered by lack of uni- 
formity in the annealed strip steel. Distortion in the heat treatment fol- 
lowed, resulting in a low percentage of finished assemblies passed as 
satisfactory. 


To minimize these fabricating difficulties, CMP developed a special anneal- 
ing process for the strip. Using this steel, parts, when subjected to the 
manufacturer’s standard heat-treating practice, were acceptable and yield 
was greatly increased. 


At CMP, processing cold rolled strip steel to restricted specifications has 
been reduced to an exact science and CMP men have been trained to spot 
opportunities for solution of production cost and product improvement 
problems through application of restricted specifications. 


Why not put your problems up to a CMP man? 


POvQo® sue Corp METAL PRODUCTS co. 


GENERAL OFFICES: YOUNGSTOWN 1. OHIO 
PLANTS: YOUNGSTOWN, OHIO AND INDIANAPOLIS, IND. 


SALES OFFICES: NEW YORK CLEVELAND PeETROIT INDIANAPOLIS 
CHICAGO LOS ANGELES SAN FRANCISCO 


CMP 
RESTRICTED 
SPECIFICATION 


COLD ROLLED 
STRIP STEEL 


is available in 
Low Carbon Grades * High 
Carbon Spring Steel (an- 
nealed and tempered) 
* Stainless Types * 
Alloy Grades * 
Electro Zinc 
Coated 
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cal, mechanical or electrical events. 
Computer-Measurements Corp., 5528 
Vineland Ave., N. Hollywood, Calif. 


For more information— 
Circle 22, inside back cover 


Subminiature Relays 


['wo-pole, subminiature relays have 
dimensions of 3 x #4 in. length (larger 
model is 1# in. long). Coil sensitiv- 
ity is 60 or 25 milliw per pole depend- 
ing on the model. Ambient tempera- 
ture range is -65 to 125 C. U.S. 
Relay Co., 1744 Albion St., Los 
Angeles, Calif. 

For more information— 
Circle 23, inside back cover 


Rigid PVC Pipe 
PVC pipe is available in all stand- 


ard pipe sizes from 4 to 6 in. Easton 
Plastic Products Co., Inc., Easton, Pa. 


For more information— 
Circle 24, inside back cover 


Electronic Speed Control 


This device is available in capacities 
from 30 to 150 hp. It consists of an 
operator's control station, electronic 
control unit and a d-c motor. The 
electronic control is comprised of an 
ignitron-controlled, three-phase, full- 
wave rectifier system with its associ- 
ated firing circuits; variable field sup- 
ply; tachometer feedback; protection 


and switchgear circuits. Dynamic 
braking, reversing, forward-reverse jog 
operation, tachometer feedback, ac- 
celeration and armature current-limi- 
ting are included as standard features 
of the drive. 

With the exception of the dc 
motor, all components are static and 
have no inertial properties to slow 
down system response. Size is 5 x 5 
x 24 ft, up to 100 hp. Raytheon Mfg. 
Co., Waltham 54, Mass. 

For more information— 
Circle 25, inside back cover 


Coincidence Thyratron 
This thyratron may be used in 
circuits where the coincidence of two 
or three signals should fire the tube. 
The device may find application in 
computers, automation control appa- 
ratus, coding or programming devices, 
counters. The KP-80 has three con- 
trol grids, and for example, when it 
receives three simultaneous signals, 
the tube conducts, closing a relay in 
the anode circuit. KIP Electronics 
Corp., Dept. R-1, Stamford, Conn. 
For more information 
Circle 26, inside back cover 


Panel Meter 


rhe lens, flange and case of the 
meter are a one-piece molding of 
clear butyrate plastic. The butyrate is 


treated with anti-static compound to 
prevent static charges from disturbing 
the meter readings. Base is molded 
90 durometer rubber. Dimensions are: 
2.69 OD, arc length, 1.75 in. Assem- 
bly Products, Inc., Chesterland, Ohio 


For more information— 


Circle 27, inside back cover 


Synchronous Clock 
Movement 


This 24 in. dia fully enclosed unit 
with synchronous electric motor drive 
has hour, minute and second hand 
arbors and is complete with back-set- 
ting knob. A threaded center mount- 


ing bushing and nut are provided for 
mounting. 

Movements can be supplied for 

either 115 or 230 v, 60 cps. Haydon 

Mfg. Co., Inc., 245 E. Elm St., Tor 

rington, Conn. 
For more information- 
Circle 28, inside back cover 


T-Slot Bolts 


bolts are made of aircraft 
quality alloy steel, forged and heat 
treated to prov ide a minimum tensile 
strength of 150,000 psi. Manufac- 
tured to JIC standards, lengths come 
in increments of 4 in., from 2 through 
6 in.; in increments of 1 from 6 in. 
to any length desired. Jergens Tool 
Specialty Co., 712 E 163 St., Cleve- 
land 10, Ohio 


These 


For more information- 


Circle 29, inside back cover 


Computing Relay 


A pneumatic computing relay which 
can be adjusted to perform any one of 
six different arithmetic functions is 
being offered. Six other relays are 
also avilable, each designed for a 
specific computing operation. Measure- 
ments are received by the relay as 
pneumatic signals (3-15 psi); computer 
output to a recorder or controller is 
also in terms of 3-15 psi. Applications 
are expected to include fuel-air flow 


CONTINUED ON PAGE 236 
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DY NAN; ATIC 


EDDY-CURRENT EQUIPMEMT 


The Most Accurate and Trouble-Free Method of 
Adjustable Speed Control and Testing—at Minimum Cost 


Ajusto-Spede’ Drives 

Dynamatic Ajusto-Spede® Drives supply infinitely adjustable 
speed from an AC power source—with low power losses and mini- 
mum maintenance. These air-cooled, stationary field, eddy-current 
couplings, integrally mounted with standard D-flange AC induction 
motors, provide a complete package-drive in sizes from 3 HP to 
75 HP. Units of the same design and capacities are also available 
without motors. 


Dynaspede Drives 
These Dynamatic liquid-cooled, adjustable speed, Eddy-Current 
Couplings, integrally mounted with standard D-flange AC induction 
motors provide a compact self-contained drive in sizes from 3 HP 
to 75 HP. Motor types available are drip proof, totally enclosed 
fan cooled, and explosion proof. The coupling is completely 
enclosed. Separately mounted couplings are also available in 
capacities from 3 to 2500 HP and larger. 


Eddy-Current Brakes 


Dynamatic Eddy-Current Brakes are available in a wide range of 
torque capacities and operating speeds. Features include smooth, 
frictionless, shock-free operation with no rotating electrical com- 
ponents or contacts. Liquid-cooled types, as illustrated, provide 
loading requirements from 40 HP to 10,000 HP. Air-cooled units 
are available in sizes up to 50 HP. 


Dynamometers 
Three types of Dynamatic Eddy-Current Dynamometers are 
available to meet various testing requirements; absorption dyna- 
mometers up to 15,000 HP; motoring or driving dynamometers 
up to 500 HP; and universal dynamometers to 500 HP and 
larger. Special purpose dynamometers are also designed for use 
in applications where requirements are unusual. 


Send for Mlustrated Literature Covering these Dynamatic Units 
DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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rationing, boiler swell compensation, 
and flow totalizing on multiple lines. 
Virtually any arithmetical operation, 
such as addition, subtraction, multi- 
plication and division, can be accom 
plished. Foxboro Co., Foxboro, Mass. 
For more information— 

Circle 30, inside back cover 


U7 


Miniature D-c 
Motors or Generators 


Dimensions are 0.875 x 1.625 in. 
long; 0.098 in. shaft dia. Units longer 
or shorter can also be supplied. Heinz 
Mueller Engineering Co., 1906-08 N. 
Cicero Ave., Chicago 39, Ill. 

For more information— 
Circle 31, inside back cover 


Fuseholder and Fuse 


Fuseholder and fuse is designed to 
be used where it is desirable to have 


a visible or audible signal to indicate 
trouble on the circuit. Possible appli- 
cations include many types of testing 
equipment, control circuits, control 
panels, switchboards and calculating 
or computing machines. Bussmann 
Mfg. Co., University at 
St. Louis 7, Mo 


Jefferson, 


For more information 


Circle 32, inside back cover 


Adhesive 
Aluminum Nameplates 


Plates with pressure-sensitive ad 
hesive on the back which 
picked off the backing paper for 
application may be in one or two 
colors as large as 23 bv 16 in. Top- 


flight Corp., York, Pa. 


For more information 


can be 


Circle 33, inside back cover 


Modeling Plastic Compound 


This is a non-drying plastic material 
with a putty-like consistency that can 
be baked in 15 min in an ordinary 
oven at 325-350 F. Permanently 
pliant before baking, it resembles hard 
tubber after baking, and is slightly 
resilient and practically unbreakable. 
Transogram Co., 200 Fifth Ave., New 
York 10, N. Y. 

For more information— 
Circle 34, inside back cover 


Regulated D-C 
Power Supply 


Output of the unit, 500 v d-c at 
300 ma max, may be adjusted to 
provide any voltage between 300 and 
500 v d-c by means of minor internal 
changes. Unit also supplies 6.3 v a-c 


filament voltage at 6 amp max. Regu- 
lation for a line voltage of 105 to 125 
v a-c is 0.5 per cent change in output 
voltage; for no load to full load, out 
put voltage change is 1 per cent. In 
iZé2z 5s 
above chassis and 2 in. below chassis. 
Weight: 23 Ib. Dressen-Barnes Corp., 
250 N. Vinedo Ave., Pasadena, Calif 


For more information 


strument measures 5é in 


Circle 35, inside back cover 


Self-Sealing Bolts 


These bolts are supplied as one 
piece, pre-assembled units, requiring 
no assembly. They employ an O-ring 
of silicone rubber or neoprene, which 
is firmly held in a groove under the 
bolt head. They 
standard hexagonal heads in a range 
of sizes from 10-32 up to 4-20. Bolts 
can be supplied in steel, brass, corro 
sion-resistant steel or aluminum. Auto 
matic & Precision Mfg. Co., 252 


Hawthorne Ave., Yonkers, N. Y. 


For more information 


are furnished with 


Circle 36, inside back cover 


Metal Cabinets 


Selecting from 75 
metal 


modular unit 
and work- 
ing with 125 different sub-parts, vari- 
eties of cabinets to house instrumen 
tation, control and electro-mechanical 
equipment can be produced. Avail 
able from stock are heavy-duty indus 
trial finish writing tops, desk panels, 
and tops designed to protect and 
display memory boards or circuit dia 
grams. Elgin Metal Formers Corp., 
630 Congdon Ave., Elgin, Ill. 


cabinet enclosures 


For more information— 
Circle 37, inside back cover 


Plug-in Totalizer 


This unit provides a register in 
programs involving velocities, pres- 
sures, temperatures, flow rates, viscos- 
ities, gages, lineal measurements, sheet 
stacking counts, cutting 
counts, batchings and other processes 


countings, 
where speeds are too great for 
mechanical counters. With a 
factor of from 1 to 10, 


scale 
maximum 


CONTINUED ON PAGE 238 
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BEARING TIPS by McGill 





Let a CamROc bearing be your guide 


Obtain freer rolling, 
improved alignment and 
positive side thrust 


In guide and support roller applica- 
tions CAMROL Cam Followers in- 
sure free rolling action and positive 
side thrust while eliminating the 
wear of more costly flanged wheels 
Then, too, they provide improved 
alignment and low starting and run- 
ning friction with high unit load and 
shock capacity, especially at low 
speeds as track rollers. Lubrication 
is simplified and maintenance can 
be reduced to a minimum in these 
applications. Specify the interchange- 
able sealed SGR series for added pro- 


tection against contamination. 





camRoe CF bearings provide friction-free 
track rollers for automatic mold blower 


McGill CAMROL CF rollers are 
used as guide rollers to form a mold 
conveyor in the Beardsley & Piper 
MBS-20 Mold Blower. The machine 
blows and squeezes cope or drag in 
a single automatic operation, han- 
dling up to 4 molds per minute. The 
CAMROL CF bearings replaced less 
efficient friction rollers in this appli- 


Insure performance with MSG IL 


McGILL MANUFACTURING COMPANY, INC., 


Product Engineering 





January, 1957 


cation. Although, the duty here is 
rather light and speeds slow, the cam 
follower bearing provides lesser 
starting and running friction. This 
helps speed the flow of work from 
the machine, which must be fast and 
automatic. The integral stud feature 
eases assembly and its standard de- 
sign simplifies procurement. 





CF bearings minimize 
maintenance as crane 


side guide rollers 

McGill CF cam follower bearings 
serve as side guide rollers in over- 
head cranes manufactured by Louden 
Machinery Company of Fairfield, 
lowa. Freedom from maintenance, a 
time saver because of the inaccessi- 
bility of the bearing when the crane 
is in operation, is an important ad- 
vantage of the cam follower bearing. 


Send for Catalog No. 52-A 


iy VuULTRo GUIDEROL canrrou 


Precision Needle Bearings 


201 N. LAFAYETTE ST., VALPARAISO, INDIANA 





COMPONENTS 


AND 


MATERIALS 


. continued 





speed is 4 ke and resolution 250 
Input requirements are: 
minimum amplitude of 15 v, 


microsec. 
mini- 
mum rate of rise of 1 v per microsec 
and minimum pulse width of 100 
Input impedance is 220 k. 
Power requirements range from 400 vy 
d-c at 0.5 ma to 6.3 v a-c ( 


mucrosec. 


125 v d-c) 
Baird Associates-Atomic 
Instrument Co., 33 University Road, 
Cambridge 38, Mass. 


at 0.6 amp. 


For more information 
Circle 38, inside back cover 


Transistorized 
Digital Counter 


The unit counts articles, distance, 
degrees of rotation, or angular measure- 
ments. ‘Total power consumption of 
the counter (2w) is no more than the 
filament power required by a typical 
tube. 


well 


I'ransistors are said to operate: 
maximum rating. 
15,000 cps. In 
put power is 85 to 140 v, (‘) 
Resolution: 10 microsec. Siz is 4 x 
11% x 94 in. deep. The cour.ter can 
be preset anywhere from | to 500 for 
batch counting. Nader Mfg. Co., 
2661 Myrtle Ave., Monrovia, Calif. 


For more information— 


below their 
Counting frequency 


-Pps. 


Circle 39, inside back cover 


Molybdenum Disulfide 


Incorporating molybdenum in a 
volatile base, this compound is applied 
in the same manner as a light viscosity 
lubricant. Vanguard Solid Lubricants, 
Inc., 57 E. 73 St., New York 21, N. Y. 
For more information 


Circle 40, inside back cover 


Transparent Labels 


Printed on aceta’e, the labels are 
furnished plain or printed to provide 
data, for 
They can be drawn, written 
or typewritten on. Archer Label Co., 
783 Kohler St., Los Angeles 21, Calif 


For more information 


ruled or columnai use on 


vellum. 


Circle 41, inside back cover 


Brakemotors with 
Wide Torque Range 


With torque range of 3 to 345 lb-ft, 
one-piece molded friction linings fot 
quick stops, and one-operation torque 
that 
operation 1s stopped and the load held 
until normal 
All types of enclosures are available 
including those suitable for outdoor 
installation or where extremely moist, 
corrosive, or abrasive dust conditions 
prevail. Reliance Electric & Mfg. Co., 
1088 Road, Cleveland 10 
Ohio 


setting, this motor is made so 


operation is restored 


Ivanhoe 


For more information 


Circle 42, inside back cover 


Switch for Two or 
More Circuits 

A single actuator switch capable of 
switching two or more completely in 


dependent double 
throw, single-throw, normally open or 


circuits can be 


single throw, normally closed [ype 
B switches are UL-listed at 15 amp, 
125 o1 4 hp, 125 or 


i-( l'ype D switches are UI 


250 \y 
listed 
Detroit 
Union Ave., 


250 v ac, 
it 10 amp, 125 or 250 v a<« 
Controls Corp., 
Bridgeport, Conn. 


For more information 


SU 


Circle 43, inside back cover 


Pressure Transducer 


\ magnetic reluctanc pressure 
transducer of the diaphragm type is 
now available in full-scale ranges from 
1.000 to 10.000 psi 


operates 


The instrument 
in recording and control svs 


tems compatible with inductance-ratio 


input devices, and makes _possibl 
static and dynamic pressure measure 
ments accurate within +1 cent 
full SC il¢ 
working fluid are 
he 
diameter of 


Co.. 6914 
Calit 


per 
All surfaces exposed to the 
l'ype 416 stainless 
18 oz, 
Engineering 


Hollywood 


transducer weighs has a 
1{ in. Pace 


Beck Ave . N 


For more informatis 
Circle 44, inside back cover 


Synchronous Gear Motor 


4 400 cps motor originally designed 
for airborne strip chart recorders and 


other applications is for 115 v, 100 


CONTINUED ON PAGI 


240 
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They are rings thot offer savings of critical 


materials. Bar stock formed and flash welded 
uses considerably less material than rings 
made by other methods. 


They are rings that offer additional manvu- 


facturing savings.Since the rings are closer 
They are rings formed, fiash butt- 


to the desired finished cross section, it is 
welded, and shaped into the finest 


; ’ id lob! less expensive to machine them to a final 
vality circular weldments available. 
q y dimension. Oh yes, Amweld will machine 


them for you 


They are rings made by a company with 
experience in design. We can help you 
select o mill-roiled or extruded shape 
that is even closer to the finished ring 
dimension. This can give you additional 
savings. 


Yes, Amweld flash-welded rings can 
give you extra profit from savings on 
material and machining time. Amweld 
rings can be made of most weldable 
ferrous or non-ferrous metals in sizes 
from 4 to 96 inches. 


hw 


AMERICAN 
WELDING 
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NEW COMPONENTS 


AND 


MATERIALS 


. continued 





Torque rating is 7.5 
continuous duty. Holtzer- 
Cabot Motor Div., National Pneu 
matic Co., Inc., 125 a 
Boston 19, Mass. 


I pm service. 


In-OZ, 


Amory 


For more information- 
Circle 45, inside back cover 


Preset Counter 


Handling from 0 to 5,000 counts 
per sec, the counter will operate with 
photo-electric, semi-conductor, mag- 
netic, or contact making pickups. A 


dust-tight, oiltight (NEMA 12) enclo- 


sure is provided. Machinery Electri- 
fication, Inc., Northboro, Mass. 

For more information— 

Circle 46, inside back cover 


Dual Relief Valves 


Relief valves designed to relieve 
shock pressures that occur at control 
valves or motors are available in either 
guided piston or differential piston 
types. The units consists of two adjust- 
able relief valves integrated into one 


body. Each valve relieves in one direc 
tion and can be adjusted to the same 
pressure or to different 
When oil pressure 
setting, oil is relieved from the line 


pre ssures 
exceeds desired 
and directed into the other line, there 
by eliminating the necessity for a 
connection to the 

Fluid Controls, Inc., 
St., Mentor, Ohio 


system reservoir. 
1284 N. Center 


For more information 


Circle 47, inside back cover 


Calibrated Expansion Valve 


Calibrated discs are provided on this 
expansion valve. ‘These permit setting 
the valve opening for the rated ton- 
nage of a cooling or freezing coil, as 
controlled by the pressure 
through the valve. The has 
4 in. connections. J. E. Watkins Co., 
307 Lake St., Maywood III. 


For more information 


drop 
valve 


Circle 48, inside back cover 


Motor-Gear Train 


Overall length is 2.8 in. Output 
torque is 25 in-oz at 1.7 rpm, min, 
unloaded. Rating is for continuous 
duty at 115 v, 60 cps. A single-phase 
capacitor or two-phase servo motor 
with an operating temperature range 
from —55 C to 97 C is used. Single- 
phase, no-load current is 0.065 amp 


max. No-load input power is 7 
max. ‘Two-phase, no-load current is 
0.045 amp per phase. Available with 
flange or other mounting types and 
with brake if desired. John Oster Mfg. 
Co., Racine, Wis. 

For more information 


Circle 49, inside back cover 


Fhp Motors in 48 Frames 


Capacitor-start and split-phase mo 
tors in rigid and resilient base models 
are available in NEMA 48 frame size. 
Weights of 3, 4 and 4 hp ratings have 
been reduced from 3 to 8 Ib. Wagner 
Electric Corp., 6400 Plymouth Ave., 
St. Louis 14, Mo. 

For more information 
Circle 50, inside back cover 


Heavy Duty Step Switch 


This switch carries contact ratings 
of 10 amp. The rotary solenoid actu- 
ating coil operates directly on 115-v, 
60-cps current without the use of 
rectifiers. The switch is available with 
1 to 20 independent circuits. Inde- 


CONTINUED ON PAGE 242 
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All Leather Impregnations 
... but all different 


Leather can be impregnated 
by many materials, four of which 


£5 
+3h 
compounds based on these matertalsy 


are shown here. Of the numerous 


only one will best qualify 

your packing or oil seal to withsi 
the pressures, retain or seal 

the medium and meet the other 
requirements of your application, 
Selection of the proper leather 
and impregnant for your operati 
conditions is a job that IPC 
specializes in. Let our technical 
staff analyze your requirements 2 
custom-engineer the best impreg 
leather packing or oil seal 


for your application. 


i al 





Bristol, New Hampshire 


=x 


‘INTERNATIONAL PACKINGS ee ete | 
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New Parts and Materials continued 


pendent cam-operated contacts make 


CALIDYNE 
model 174 SHAKER 


1500 ibs. force output 


it possible to set up any given com 

bination or group of combinations 

desired for a given application. Eagle 
Signal Corp., Moline, III. 

For more information— 

Circle 51, inside back cover 


Multi-Contact Relay 


\ miniature, telephone-type, multi 


contact relay measures |] x #3 in. 


33 
wide. Height depends on the number 
een er) nae oe of springs. It is also available as a 





Type 





hermetically sealed unit, measuring 
24 x 1% x 1 in. overall. Coil is for d-c 
only, single or double-wound. Resist- 
ance, up to 14,000 ohm. The relay 
is available with a wide choice of 
contact materials, and with a maximum 
of 18 springs (9 per pile-up). Phillips 
Control Corp., Joliet, Ill. 


For more information— 


Power Supply Electronic Rotary Electronic Electronic Electronic Electronic 


Force Output | 1250 Ibs. | 1500 Ibs. | 1500 lbs. | 1500 lbs. | 1500 lbs. | 1500 Ibs. 


+_—_——_—_——_— _ $$ 
5-2000 cps. | 5-3500 cps. | 5-3500 cps. | 5-3500 cps. | 5-3500 
“130 ibs. | 130 Ibs. 


ae ae 


Frequency Range | 5-3500 cps 


130 Ibs. 130 Ibs. 130 Ibs. 


Max. lLood 10g 105 Ibs. 


Mex. load 20g 42.5 ibs. 55 Ibs. 55 Ibs. 55 Ibs. 


“Also od bie for Random Vibration Testing. 





CALIDYNE'S Model 174 Shaker featuring high frequency operation 
and low input requirements has been so designed that it can be utilized 
in any one of six CALIDYNE Vibration Test Systems. 

The versatility of the Model 174 Shaker extends the range of vibra- 
tion testing for which this shaker can be used. It further advances 
CALIDYNE Systems of vibration control, enabling equipment man- 
ufacturers to: create vibratory forces over a wide range, measure 
them, use them for testing and measuring the test results 


Circle 52, inside back cover 


Complete performance 
data on each of these 
6 CALIDYNE Series 
174 Shaker Systems 
are contained in New 
Bulletin 17400. For 
engineering counsel in 


Typical vibration testing applications of these 

Model 174 CALIDYNE Shakers include 
1. Brute force shaking at frequencies simulat- 
ing the worst conditions of ultimate operation 
2. Structural response to determine mode 
shape, frequency and damping characteristics 
3. Fatigue testing for high stress providin applying the 
deflections many times greater than norma destructive force of 
usage vibration to your own 
4. Random vibration testing for more exact research and testing 


simulation of true environment. OCALIOYNE us here 








THE 


CALIDYNE 


COMPANY 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 
SALES REPRESENTATIVES 


























Brass Solenoid Valve 














This valve weighs 12 oz. It is 


NEW ENGLAND, NORTHERN NEW \ORK 
Techa cal Instruments, imc 
Waltham, Mow (Twinbroot 3.1 40 
Syrecese, MY. (Syrocuse 3.7670 
MEW YORK CITY, LONG ISLAND. 
NEW JERSEY, DELAWARE 
EASTERN PENNSYLVANIA 
G. Curtis Engel & Associotes 
Ridgewood, N. i (Gilbert 4.0878 
Syowet, Lt, MY. (Walnut 1.509 


Phiiodeiphic, Po. (Chevinut Hill 6.0892 


OMIO, WESTERN PENNS YT VANIA 
EASTERN MICHIGAN 
MP Odell Company 
Westtoke, Ohio (Trinity | 8000) 
Deyton, Obie (Oregon 444!) 
Pitebergh, Penne. (Freemont |.) 23!) 
Detron, Mictegen (Broodwoy } 5399) 


VIRGINIA, MARYLAND, WASHINGTON, D. C 
F.® tedon, tnx 
W eshington, C Oliver 2.4400 


SOUTH CAROUINA, GEORGIA, ALABAMA 
FLOMIDA, SOUTHERN TENNESSEE 
Special ted Equipment Corp 
Cocoe Beach, Fle (Cococ 


INDIANA, RUINOIS, WISCONSIN 
MINNESOTA, WESTERN KENTUCKY 
WESTERN MICHIGAN, M DAKOTA, 
S&S DAKOTA, EASTERN OWA 
Hugh Meioad ond Co 
Chicago, Mi. (Ambomedor 2-1 555) 
indronapolia, ind (Glendale 3803) 
Mirnecpoin, Minn. (Coffer 7949) 


ARKANSAS, LOUISIANA, OKLAHOMA, 
TEXAS (Except EI Pose 
Joha A. Green Co 
Doltas, Tenas (Rwerncde 3266) 
Houston, Texas (Jackson 3-102 
Tuto, Obichome (Riverside 2.4657 


CAUFORNIA, ARIZONA, COLORADO. 

NEW MEXICO, NEVADA, OREGON, 

WASHINGTON, IDAHO, WESTERN MONTANA 

Gerold B Muller Co 
Hollywood, Calif (Hollywood 2.1195) 
Sen Diego, Colif. [Acodemy 2.1121) 
Belmont, Calif. (Lyte! 3.3438) 
Tucson, Avizone (Tucson 4.4255) 
Denver, Colorado (Acome 2.9276) 
Albuquerque, New Merco 
(Alovaverqve 5 6606) 


packless, direct-acting, with two mov- 
ing parts; positive closing is assured 
by a spring return. ‘The maker claims 
this valve to be bubbletight, even on 
vacuum. The valve has orifices from 
g's to gy in., with pressures ranging 
from 60 to 130 psi. Pipe size is 4 in 

(Continued on page 246) 
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2 easy ways 
to drop out 
unwanted detail 


Take vour choice of these short cuts whenever stand- 
ard drawings must be modified ...or parts of a 


design must be eliminated. 


1. Reproduce the drawing on Kodagraph Auto- 
positive Paper—you get a positive photographic in- 
termediate directly, with dense black lines on a clean 
white translucent base. Scissor out the unwanted 
detail ... and make another Autopositive Paper 
print. Lots easier than redrafting—and so is the 
alternate method. 
2. Reproduce the drawing on Kodagraph Contact 
Paper, Fine Line. You get a negative with clean open 
lines on a dense black background. Now “opaque 
out” the unwanted detail . . . and reproduce the print 
on Kodagraph Contact Paper, Translucent 
After either step, you merely add the new design 
.. and your print-making “master” is ready. 


EASTMAN KODAK COMPANY 
Graphic Reproduction Division, Rochester 4, N. Y. 


Kodagraph Reproduction Materials 


EASTMAN KODAK COMPANY 


Graphic Reproduction Division, Rochester 4, N. Y. 


klet lists 

short cuts Materials 
ible with , 
Name 


Gentlemen: Please send me a free copy of your new booklet on Kodagraph Reproduction 


Position 





lagraph Rep 


luction Materials . 
Company 





r your 


eprinter, Street 





l 
juicKk 


City 
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Oil-tight + Water-tight + Dust-tight 


Protected against oil and water seepage by Sealtight oil-resistant rubber 
diaphragm. Rated for 600 volts, AC or DC. Meets requirements of Joint 
industry Committee and National Machine Tool Builders’ Association. 


EASILY REPLACES EXISTING SWITCHES —Designed for mounting in 17%," 
diameter holes on standard panel mounting centers, this switch easily 
replaces existing switches. Accommodates panel thicknesses of }4," to 1/4" 
in 4)" increments. Full interchangeability of units and their components 
permits ready adaptation to multiple assemblies. 





& 


Units are available in flush-plate or enclosed ‘as? 
mountings, and are adaptable for special # 


. 
panel assemblies. 
; j 
> 
4 





Another product of... 





. 
. P ' : Ew. . —- 8 MAE Ace tala I ok 


\ealtight- SenrRoe 


Made by machine tool builders 
to machine tool specitications 


How often have you, when designing a machine tool, wished for a control station unit 
designed and constructed ‘“‘as a machine tool builder would build it.”’ 

If you have been so handicapped in the past, you’ll want to take a good close look 
at the NEW Namco GOLD-N-RING Control Station Switch Unit. Built by National 
Acme, builder of the world’s only complete line of bar and chucking automatics, it 
is the only switch made by a machine tool builder with machine tool know-how behind it. 


@ It is a heavy-duty switch in every respect. @ Heavy-duty terminal screws, with %” thread 
contact, prevent stripping during installation 
and permanently secure wires for continuous 
trouble-free service. 


® It is oil-tight, water-tight, dust-tight. 


@ Heavy-duty silver-alloy contact points provide 
maximum electrical capacity and long life. ®@ None easier to install; none more fool-proof. 


For complete details, send for Bulletin ECS-56. Better yet, ask 


for a representative to bring a switch for your examination. 


Electrical Mfg. Division © THE NATIONAL ACME COMPANY @® Cleveland 8, Ohio 


V FLUSH PLATES OR ENCLOSURES accom- V SINGLE AND DOUBLE POLE CONTACT BLOCKS can VY BRASS INSERTS molded in 

date any binati of individual push be used interchangeably with the several types of block permanently hold stationary 
button, selector or pilot light assemblies. Box GOLD-N-RING push button and selector operator contacts. They also provide more 
covers and flush plates are provided with heads. Design provides easy access for secure wiring thread support for the No. 8-32 
captive screws to facilitate installation. Easy- (or use of stake-on lugs) without interference. Fixed terminal screws that are equipped 
to-read, interchangeable legend plates lock and movable contacts are completely enclosed by with captive flat and lock type 
securely into position. heavy plastic shields. washers. 








Send for illustrated bulletin 
describing Fairfield’s facilities 


by 
FAIRFIELD 


A Plus Value 
IN ANY PRODUCT! 


If GEARS are a vital part of the product 
you make, there is no finer recommendation 
for the QUALITY of your product than 
to be able to say it is equipped with 
“FAIRFIELD GEARS.” 

Long producers of the gears needed in 
high grade trucks and tractors, Fairfield 
now brings the same standards for GEAR 
PERFORMANCE to a wide variety of 
products: Agricultural Implements... 
Power Shovels ... Machine Tools... Diesel 
Locomotives... Road Graders... Lift 
Trucks ... Road Rollers . . . Pump Drives 
... Winches . .. Military Vehicles . . . and 
a host of others. 





Fairfield’s facilities are unexcelled. Here 
“under one roof” in a new and ultra 
modern plant, Fairfield has everything 
needed for producing all kinds of gears: 
spur ... herringbone ... spiral bevel... 
ground tooth spiral bevel... straight bevel 

. coniflex bevel ...hypoid...zerol... 
worms and worm gears... splined shafts 
... differentials. Get acquainted with 
Fairfield —your inquiry will receive 


prompt attention. . 


FAIRFIELD 


MANUFACTURING CO. 


Poh 


2305 S. Concord Rd., 
Lafayette, Indiana 


New Parts and Materials continued 
NPT. Skinner Electric Valve Div 
Chuck Co., New 


Skinner 
Conn 


Britain, 


For more information 
Circle 53, inside back cover 


Flange Union For 
I ligh Pressures 


The union will withstand operating 
pressures to 3,000 psi for Schedule 80 
pipe and special unions incorporating 
the same design can be provided to 
withstand pressures up to 10,000 psi 

§; union wailable for pipe sizes 
ranging from 4 to 6 in. Almar Hy 
dreulic Valve Co., 10011 Meech Ave., 
Cleveland 5, Ohio 

For more information 


Circle 54, inside back cover 


Servo Actuator 


Vhis permanent magnet-type rotat 
originally designed 


It can take 
operation it an 


vo actuator was 
uirborne applications 
ntinuous output 
Theo 
+0,000 
and dynamic motor brak 


rating of 70 in-lb at 8.5 rpm 
etical acceleration at stall is 
radian/sec’ 
ing is incorporated. The unit weighs 
1.9 lb, diameter is 3% in. and length 
+g in., including the AN connector 
White-Rogers Co., 4407 Cook St 
St. Louis 13, Mo 
For more information 
Circle 55, inside back cover 


Motor for Timing Units 
\ synchronous motor designed for 
orporation in timers subjected to 


(Continued on page 249) 
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Here are samples of A-B quality limit switches—a line so 


complete it will satisfy your every requirement! 









= OILTIGHT 


Bulletin 802T—For high-speed production 
machines. Sealed to protect the switch 
against oil and coolants. 


GENERAL PURPOSE 


Bulletin 801 —Standard or heavy-duty 
rating, with roller, push type, or fork 
lever action, and slow or 

snap action contacts. 









Bulletin 803 Cam Limit 
Switch used on rotating é. 


~ \\ machines to open and close 
‘ circuits at any desired 


PRECISION 


Bulletin 802—For applications where 





angular position 


ALLEN-BRADLEY 


-— 
haf” “~ 





mounting space is small and operat- 

ing motion is measured in 

| 4 thousandths of an inch. 
| 

1-57-MR 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. @ In Canada—Allen-Bradley Canada Ltd., Galt, Ont 





PILOT CONTROLS? 
Yes...Allen-Bradley Sy 


covers the field! 


No matter what your needs for pilot 
control devices may be... refer to 
the new Allen-Bradley “handy” catalog 
. you will usually find what you 

are looking for. If not, please write 
Milwaukee, or contact your nearest 
Allen-Bradley representative. 


All pilot controls are made to 
Allen-Bradley standards of quality. 
All of them have silver alloy contacts 
that require no service attention. 
You'll find it saves service time 

and money to specify Allen-Bradley. 


PLUGGING 
SWITCHES 
BULLETIN 808P 
Used with a simple re- 
versing switch, it pro- 
vides quick, automatic 
stopping of machines 
driven by squirrel 
cage motors. 


FOOT SWITCHES 
BULLETIN 805 


For operating punch 
presses, riveting, weld- 
ing, and many other 
machines. Switch has 
snap acting, normally 
open and normally 
closed silver alloy 
contacts. 


ROTARY 
SWITCHES 
BULLETIN 806 
Cam operated switch- 
es for the selection or 
transfer of various 
control circuits. Silver 
alloy contacts. 


1-57-MR 


OILTIGHT 
PUSH BUTTON 
STATIONS 


BULLETIN 8OOT 


For machine tool ap- 
plications, to keep oil 
away from the con- 
tacts. Available in 
flush, surface, or pend- 
ant mounting. 


TIMING 
RELAYS 
BULLETIN 849 


A reliable and accu- 
rate pneumatic timer 
with o range of 1/6 to 
180 seconds. Many 
arrangements. Motor 
driven, electronic and 
oil dashpot timers 
also available. 


ZERO SPEED 
SWITCHES 
BULLETIN 808 

A plugging switch that 
brings squirrel cage 
motors to zero speed 
quickly, without any 
reversal of direction. 


ALLEN-BRADLEY one 


Allen-Bradley ( 


nd >t 


Canada Ltd 


PHASE FAILURE 
AND PHASE 
REVERSAL RELAYS 


BULLETIN 812 


Style A disconnects 
motor if one phase of 
power circuit fails. 
Style B protects 
against phase rever- 
sal, as well. 


PRESSURE 
CONTROLS 
BULLETIN 836 

For noncorrosive liq- 
vids, vapors, gases, 
from 30 in. of vacuum 
to 700 psi. Accurate, 
rugged, compact, and 
attractive appearing. 


TEMPERATURE 
CONTROLS 
BULLETIN 837 


For temperatures from E 
—45°F to 440°F. 


Metal bellows oper- 
ates snap action pre- 
cision switch with pure 
silver contacts. 


FLOAT SWITCHES 
BULLETIN 840 


Provide automatic 

control for motors op- \ — 

erating tank or sump \ 

pumps. 
PRESSURE 
SWITCHES 
BULLETIN 830 
For domestic water 
pumps, and commer- 
cial and industrial air 
compressors. 


NY tale inielanial Malt ae AL) 
Taelol( hm alelilch ma Gtehiclicle) 
lt is a veritable 


encyclopedia of 


Milwaukee 4, Wis reliable motor control 


Galt, Ont 





New Parts and Materials continued 
temperatures up to 150 F has its first 
pinion cut integrally with the motor 
shaft, eliminating pinion rattle. This 
design also makes possible a small 
pitch diameter, which permits a low 
{pm speed and a slower speed of the 
gear reduction unit. Lux Clock Mfg 
Co., 95 Johnson St., Waterbury, Conn. 


For more information 


Circle 56, inside back cover 


Felt 
can be made 


“TOUGH 
AS NAILS” 


. . . or soft as a cotton ball! The range of densities and the 
surfaces and finishes you can get with Felt by Felters are 
truly amazing! 


Steam Trap 


Chis steam trap is for a wide range 
of applications requiring high dis- 
charge capacity at pressures up to 25 
psi. The unit fits into existing piping 
layouts by virtue of its dual inlets and 
outlets, which permit universal instal- 
lation. Available for 3 and 1 in. lines. 
W. H. Nicholson & Co., Wilkes 
ok For more information— Measured in pounds rd square yard, felt goes all the 
way from 0.81 Ibs. for 4%” to 8.4 Ibs. for 4”, with greater 
ranges on special order. The hard, rough, hornlike 
fibres form an excellent material for glass polishing and 
give exceptional wearing 
qualities when in contact with 
moving machinery parts. And 
fine, sanded surfaces are ideal 
for lubricating and filtering 


Circle 57, inside back cover 


Send for FELTERS 

Design Book 

20 pages of *'Facts’’ on how you 
can use the unique properties of 
felt. It's yours for the asking, sent 


Snap-Acting Thermostat 


‘his snap-acting, disc-type thermo- 
stat is for applications where maxi- 
mum shock and vibration resistance 
are required. Fine silver electric con- 
tacts and a completely sealed assembly 
are provided. A copper-nickel plated 


(Continued on page 253) 


FELT IN USE... This manufacturer uses felt strips 
for buffing guides in their cylinder hones. Felt wears 
at some rate as stones to provide good bearing and 
cutting guide. 





to help you build a better prod- 
uct. Send for it today: The Felters 
Company, 228 South Street, 
Boston 11, Mass. 


228 South St., Boston 11, Mass. Manufacturers of Felt and Felt Products 
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Strip is re-coiled after its treatment with Bonderite, 
corrosion resistant paint bond. 


Painted metal is slit to desired width and coiled 
again as it emerges from finishing machine. 


Re-coiled, finished metal is cut, formed, and inspected 
here. No loss of paint adhesion. 


Painted stock is fed into punch press for blanking into 
various shapes and sizes. 


Photos courtesy Hastings Aluminum Products, Inc. 


PARKE 


BONDERITE 
corrosion resistant 
paint base 


250 


aids in cold forming 
of metals 


rust resistant 


BONDERITE and BONDERLUBE PARCO COMPOUND 


onderized... 
Painted... 
Formed... 


NO LOSS OF 
PAINT ADHESION! 


Here’s a production wrinkle that more 
and more manufacturers are using: 
Finish metal in the strip, then 
fabricate the product. 

The technique applies equally well on 
steel and aluminum. First, run the 
strip through the Bonderite machine to 
produce the phosphate integral surface 
that supplies a secure anchor for 

the paint. Next, run the Bonderized 
strip through roll-coat painting and the 
bake oven. The painted coils of metal 
are ready for fabrication, and the 

finish doesn’t crack, chip or craze as it 
is formed, drilled, and punched. 
Fabrication after painting, made 
possible by Bonderizing, saves money by 
reducing labor, handling and manu- 
facturing area requirements, and allows 
higher production rates. 


Write or call for more information on 
how you can finish before fabrication 
in your plant. 


Bonderite, Bonderizing, Bonderized—Reg. U.S. Pat. Off. 


RUST PROOF COMPANY 
2179 E. MILWAUKEE, DETROIT 11, MICHIGAN 


PARCO LUBRITE TROPICAL 


wear resistant for friction heavy duty maintenance 


surfaces paints since 1883 
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Here is an entirely new series of clutches combining, in a single compact unit, all 

of the PROVED advantages of MAXITORQ Floating Disc Clutch design with an exceptionally 
simple, powerful, and dependable electro-magnetic actuating mechanism. 

As will be seen trom the illustration, the new clutches use standard proved MAXITORQ 
Disc-Pacs, quickly and easily replaced. The electro-magnetic unit is enclosed in 

a stationary housing, permitting direct wiring connection. When energized, the magnetic 
coil acts through an armature plate and sleeve to exert pressure on the clutch 

discs. Pressure, however, is maintained entirely by the magnetic flux, without mechanical 
contact between moving and stationary parts. 

This unique design permits instant, positive engagement or disengagement, with 

the additional possibility of precisely controlling torque for a gradual pick-up or release 
of load. In addition to meeting standard clutch and brake installation 

requirements, MAXITORQ Electric Clutches open up new possibilities in application 

to fully automated equipment and for remote control. 

Standard sizes, both single and double types, for wet or dry operation, are available 

with up to 788 ft. Ibs. torque, and operate on LIOV-AC rectified to 90V-DC. 


Complete details sent on request. Write Dept. PE-1. 


THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER, CONNECTICUT 
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PROVED performance. 
COMPACT design. 

FLOATING neutral... no drag. 
POSITIVE engagement. 
STATIONARY coil. . . no brushes. 
NO ADJUSTMENT. 

WET OR DRY operation. 


FULL power transmission. 


FULL range of sizes, types. 





we?! 
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How RIM FLEXIBLE THIN-WALL OTéflon HOSE 
can help you solve difficult design problems 


Wherever extreme ambient tempera- 
tures and corrosion are problems, your 
best solution is R/M Flexible Thin- 
Wall “Teflon” Hose. It can be de- 
pended on to retain its flexibility and 
toughness from —100° to +400°F 
and it is completely impervious to the 
corrosive action of all types of acids, 
caustics and solvents. It does not ex- 
pand, contract or fatigue. Storable 
indefinitely without deterioration. 

R/M can furnish this hose in both 
stainless steel wire-braided and rubber- 
covered forms. 

This contribution to better perform- 
ance and greater safety is the result of 


R/M’s long experience with “Teflon.” 
Ever since it first came into use, our 
laboratories have been developing the 
vast potentialities of this material for 
all phases of industry. Write today for 
complete information. 


R/M’s complete line of “Teflon” products 
includes: rods, sheets, tubes and tape; 
centerless ground rods held to very close 
tolerances; stress-relieved molded rods 
and tubes; gaskets; expansion joints and 
flexible couplings; Bondable “Teflon”; 
braided metal and rubber-covered flexi- 
ble hose; Raylon—R/M trade name for 
mechanical grade “Teflon”—having many 
characteristics of virgin “Teflon.” Write 
for complete data. *A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


Bridgeport, Conn 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Manheim, Pa No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings « Industrial Rubber « Sintered Metal Products * Rubber Covered Equipment 
Abrasive and Diamond Wheels « Brake Linings « Brake Blocks « Clutch Facings « Laundry Pads and Covers « Industrial Adhesives « Bowling Balls 
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[,ibsiloy 


SILVER-TUNGSTEN 


CONTACTS 


measure up to the job 


* FOR CIRCUIT BREAKERS 
The rigid requirements of circuit 
breakers — compact design, low 
temperature rise, high interrupt- 
ing capacity — demand Gibsiloy 
silver-tungsten electrical contacts. 


RIGHT PROPERTIES 

These Gibsiloys have low contact 
resistance, high current-interrupt- 
ing capacity, non-welding and 
other properties which mean 
trouble-free breaker operation, 


FLEXIBILITY 

Gibson’s large range of silver- 
tungsten metal combinations and 
forms—plus our engineering skill 
in adapting the right contact to 
your product—can be a vital asset 
to you. 


SERVICE 

Contacts are our business. Our 
round-the-clock production de- 
voted to this one field means quick 
delivery of quality contacts. Let us 
know your needs. 


Be a 
[ibsiloy 
ELECTRICAL CONTACTS 


44 


4 
AM«MFACMAN 


Gisson Etectric CoMPANY 








New Parts and Materials continued 


steel casing protects all parts from con 
tamination and moisture to assure 
precise operation. Standard 
temperature settings, which are fixed, 
range from —20 F to 400 F. Spencer 
Thermostat Div., Metals & Controls 
Corp., Attleboro, Mass. 
For more information 
Circle 58, iside back cover 


circuit 


Linear Scale Ammeters 


The standard model is designed for 
use on a 200 or 115-v, three-phase, 
400-cps system. It is supplied with a 
special transformer that converts a 
current to the 5-milliamp level. Stand 
ard specifications include accuracy o! 
2 per cent, a volt ampere consumption 
of less than 0.05 va at full-scale deflex 
tion, a breakdown potential of 2,000 
v and an overload capacity up to 30( 
per cent. The meter range is from | 
to 115 amp. Beckman Helipot Corp 
oration, Newport Beach, Calif 

For more information 


Circle 59, inside back cover 


Subminiature Wire-wound 
Potentiometers 


With resistance range from 10 ohm 
to 250 k and linearity of 0.3 per cent, 
these units are 4 x 4 in. Weight is 
} oz, power 2 w for 60 C rise. Ace 
Electronics Associates, Inc., 103 Dover 


| St., Somerville 44, Mass 


For more information 
Circle 60, inside back cover 


High Deflection Hangers 


A line of. steel 
for suspending disturbance-generating 


— 


spring hangers, 


equipment and piping systems, and 


Solving a 
breakage problem 


AT CLOSE QUARTERS 


The manufacturer of this button-drill 
ing machine had a tough problem: the 
universal joints on these parallel shafts 
carried such a torque load there were 
frequent complaints of breakage yet 
the close centers prohibited use of a 


larger joint 


THE SOLUTION was a Curtis Universal 
Joint of the same size 


Torque 
Curve 4%” 
Curtis 
Universal 
Joint 














This is only one of many problems 
solved by Curtis Joints — size for s 

the strongest universal joints designed 
for industry. Selected materials, preci 
sion engineering, and over 30 years’ ex 
perience manufacturing universal joints 


make them that way 


14 SIZES ALWAYS IN STOCK 
3%” to 4” OD. (6” joints on speciol order 


Not sold through distribvtors. Write direct 
for free engineering data ond price list. 


TRADE 
MARK 


UNIVERSAL JOINT CO., INC. 


11 Birnie Avenve, Springfield, Mass 


As near fo you as your telephone 


[RAIS a mesueailieaiel 
UNIVERSAL JOINTS SINCE 1919 _ 


8358 Frankstown Ave. Pittsburgh 21, Po. (Continued on page 256) —_— 
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-M Uneepac'does it again! 


a a 


"Very satisfactory sealing service 
against wide variety of fluids 
and pressures up to 5,500 psi" 


says Black, Sivalls and Bryson, Inc. 
makers of BS&B Glycol Pump 


Uneepac comes in two types. 
Shown here is design for flange 
widths up to 4” which is used in 
BS&B Glycol Pump. Large illus- 
tration: above shows design for 


” 


flange widths over 4 


Johns-Manville PACKINGS, GASKETS and TEXTILES 


Chalk up another success story for 
Uneepac —Johns-Manville’s automatic 
ring packing. In the BS&B Glycol Pump, 
fluids handled include triethylene glycol, 
diethylene glycol, gasoline, and various 
types of oils, alcohols and petroleum 
treating chemicals. Working pressures 
range from 125 psi to 5,500 psi with aver- 
age operating pressures at 3,000 psi. Yet 
despite these rugged service conditions, 
Uneepac has delivered—in Black, Sivalls 
and Bryson’s own words—“‘very satis- 
factory service.” 

Many other packing users have ac- 
claimed J-M Uneepac for its long, trouble- 


free service. Each ring is a complete 
packing unit. Fewer rings are needed than 
ordinarily required and stuffing box size 
can be reduced to the minimum. Each 
ring centers itself automatically on the 
preceding ring to simplify installation. 
This exclusive design also permits fluid 
pressure to act upon each lip individually 
and protects lips from excessive gland 
pressure. 

J-M Uneepac comes in a wide range of 
styles and sizes for many rod and plunger 
applications. For further information 
write Johns-Manville, Box 14, New York 
16, N. Y. InCanada, Port Credit, Ontario. 
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Pre-assembled Screw 
Tale Mb—Jal-t.¢-)o]gele) ial Molel Mea s-t-lal-ls 


Costs 





Even greater cost-savings are possible witt Sen 
by UE LCligeleLmaslaeltle La "F-Tat- halelel- @iemesia-t-leh-wmeleliali 
heads, and washers, or with the addition of sea 


»mpound or special sleeves 


* You handle one unit instead of two or more with Sems-by-Shakeproof® Every lock 
washer is factory-matched ® Lost and forgotten washers eliminated * Available 
in variety of screw and lock washer combinations, multiple-piece 


assemblies and with mastic sealants. 


Sond for Sems-by Shakeproof sample kit today 


SHAKE PROOF 


ARTERS 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charlies Road, Elgin, Illinois « Offices In Principal Cities 
in Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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PRODUCT IMPROVEMENT 
with over 400 


PRESSTITE SEALANTS 





providing maximum freedom from 
vibration transmission are supplied 
in a box-type, U-bracket, or without 
any housing. Effective load range is 
from 50 to 3800 Ib. Korfund Co., Inc., 
48-19C 32 Pl., Long Island City 1, 
N. Y. 

For more information— 


Circle 61, inside back cover 


for YOUR product... 


the RIGHT sealer! 
the RIGHT shape! 


Presstite-Keystone manufactures over 400 sealants 
—in all sizes and shapes... with all kinds of characteristics for all kinds 
of applications for product improvement. Presstite Sealing Compounds 


seal in quality by sealing out water, moisture, dust or air—engineered . 7 
to individual needs. Gear Pump For 


Up to 200 Psi 
THIS SERVICE IS YOURS =-AT NO COST! 


Chances are, the sealant YOU need is among the more than 400 products oil pumps, fuel injection systems, auto- 
already available. Describe your needs, include a sketch, if possible, of matic transmissions, oil burners, ma 
the area of application and desired characteristics. Our Engineering Dept. chine tool mechanisms. A molded 
will gladly make suggestions. | synthetic rubber element conforms 

with zero clearance to the gear teeth 


This pump can be adapted to engine 


along the pressure outlet side of the 
pump. A calibrated spring controls 
PRESSTITE the action of the tip clearance pad. In 
effect, it serves as a pressure relief 
valve, calibrated to cut off at an estab 

a lished maximum pressure value, pet 
A Division of AMERICAN-MARIETTA COMPANY mitting the tip clearance pad to 

3750 CHOUTEAU AVENUE, ST. LOUIS 10, MISSOURI 


(Continued on page 261) 
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HEAVY DUTY 


Seeees 


MEDIUM DUTY 


EXTRA HEAVY DUTY 


RSLS 


LIGHT DUTY 


SeORCHCEC (BIEL 


LIGHTWEIGHT EXHAUST 





BULELLCE 


RUGGED Fiex'8!Liry 


FOR EVERY INDUSTRY’S REQUIREMENTS 


Tough as a pipe, but flexible, that is 
Penflex tubing. You name your need for 
conveying volatiles, liquids, chemicals, 
powders, granular materials, or semi- 
solids... hot or cold... and Penflex has 
the right tubing to provide the maximum 


braided ... with all types of couplings. 
Penflex makes them to meet your exact 
specifications and scientifically engi- 
neers them to the installation with 
Flexineering.”” If you need flexible 
metal tubing from 1%” to 24”. I.D.... 


service. It is unsurpassed for withstand- 
ing rough abuse, abrasion, crushing and 
heat. 

Squarelocked, interlocked, corrugated 
... packed or unpacked ... braided or un- 


bronze, galvanized or stainless steel call 
on your Penflex man. For data on the 
complete line of products... plus valu- 
able specifications on flexible tubing 
write for your copy of ‘‘Flexineering.”’ 


PENNSYLVANIA FLEXIBLE METALLIC TUBING COMPANY, INC. 





7240 POWERS LANE, PHILADELPHIA 42, PA. 


New York Chicago Houston 
and Distributors in Principal Cities 


to—y 
Bete 


Branch Sales Offices: Boston Cleveland Los Angeles 
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M-100 WITH SOLDERED COUPLINGS 
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whether 
you 
think 


. 
in terms The crankshaft is the backbone of the piston- 


type engine. Illustrated above is the crankshaft 
forging for the most —- piston-type air- 
0 craft engine ever pro 


uced. 








The history of Wyman-Gordon’s 


nisto : At the bottom left is a turbine disc forging made 
contribution to aircraft progress 


, ; from high density heat resisting alloy, and 
dates from the inception next to it is a titanium compressor wheel 
of the flying machine : forging for two of the most powerful jet engines 

The jet age is now calling yet produced. 

on the unparalleled resources 

of Wyman-Gordon, which include 
the widest range of hammer and 
press equipment and the greatest 
technical know-how in the industry. 
Larger and more intricate 
forgings than heretofore available of 
aluminum and magnesium are being 
produced on presses up to 50,000 ton 
capacity, and giant hammers are 
ee the growing need for 
forgings of titanium, high density 
materials or so-called super alloys. 
Now, as for nearly 75 years, 
there is no substitute for 
Wyman-Gordon experience and ability 
for — Keeping Ahead of Progress. 


WYMAN-GORDON COMPANY 


Established 1883 

FORGINGS OF ALUMINUM @© MAGNESIUM @ STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 

HARVEY, ILLINOIS - DETROIT, MICHIGAN 
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In the oilfields of Texas and Oklahoma... 
i in the timber country farmlands .. . 
industrial areas and on construction 


jobs large and smali. Wherever big shouldered, hard driv- 
ing power is required — there you'll find Chrysler Industrial 
Engines at work 


Look around. More and more manufacturers are powering 
with Chrysler when they build. More and more users are 
specifying Chrysler Power when they buy. Why? Because 
both have found that Chrysler produces more payoff power 
than any other industrial engine built today. 

See a Chrysler Industrial Engine Dealer — listed in the 
yellow pages of your telephone book — or write for detailed 
information: Dept. B-1, Industrial Engine Division, Chrysler 
Corporation, Detroit 31, Michigan. 


afar Yate rr 


INDUSTRIAL ENGINES 


INDUSTRIAL ENGINE DIVISION ° CHRYSLER CORPORATION 
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AS! 


| ACTIONATOR 


heavy duty electric motor for 














operating valves, dampers, louvers 


The new Honeywell ACTIONATOR is a compact, light- 
weight, rugged and flexible industrial motor for operating 
valves, dampers, louvers, and other final control elements. 
Models are available for mounting on, and operating 
rotary valves or dampers. The ACTIONATOR is also avail- 
able with cam operator and yoke. Internal strain release 
protects valve seats and gear train so that it can be used 
on practically any slip stem valve. 


The AcTIONATOR is a reversing capacitor type motor and 
provides on-off, two-position, floating or proportional 
control. Shaft rotation can cover up to 180 degrees in 7 '4, 
30, 60, or 120 second timings; torque ratings from 50 to 
200 inch-pounds depending on motor speed. 


The proportional control model provides slidewire resis- 
tances of 100, 135 or 1000 ohms, and can be used with any 
type of electric proportional controller. A second slidewire 
can be used for retransmission . . . to operate another 
motor, or for remote indication. Spst and spdt auxiliary 
switches can also be installed within the end bells. The 
enclosed terminal compartment is designed to meet J.1.C. 
standards. 


Limit and auxiliary switches, specially designed by Micro 
Switcu, allow the ACTIONATOR to be used where ambient 
temperatures range from —20 to +150 F. 


For complete information and specifications on the new 
ACTIONATOR, call the nearest Honeywell office, or write 
(send coupon) to: 


Industrial Division 
MINNEAPOLIS-HONEYWELL ReGuLator Co. 
Wayne and Windrim Avenues, Philadelphia 44, Pa. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndustrial 
Division, Wayne and Windrim Avenues, Phila. 44, Pa. 


HH MINN BAP OLS II 
Company 5 

Fiat we Coitol 
*Tradename Minneapolis-Honeywell Regulator Co. 
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© Please send me additional information on the 
ACTIONATOR 


O l'd like a Honeywell sales engineer to discuss 
applications of the AcTIONATOR in my plant. 


Name 


Title 


_——— ro 
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retract from its contact with the gears 
A molded synthetic rubber diaphragm 
is installed under the two gears. It 
permits a reasonable degree of back 
lash in the mounting of gears within 
the housing. In operation, the dia 
phragm is automatically inflated by 
pressure fluid, thereby taking up all 
clearance between the upper and 
lower faces of the gears 
With gears 1.5 in. dia and fluid 
held at 180 F, the pump delivered a 
flow of 12 gpm at 60 psi with pump 
speed of 2200 rpm. When the tem 
perature level was raised to 250 F, 
flow increased about 0.3 gpm under 
the same operating conditions. At 
2200 rpm, with 60 psi line pressure, 
the pump required 1.2 hp, with the 
fluid at 250 F. When pump pressure 
was dropped to 50 Psi, dr WW decreased 
to 1 hp. New Products Corp., 363¢ 
Oakton St., Skokie, Il. 
For more information 
Circle 62, inside back cover 


Color-Coded Gasket Stock 


A plastic gasket and shim stock is 
color-coded to indicate the twelve 
different thicknesses that it comes in 
The material is also available in the 
form of die-cut shims for certain tvpes 
of roller bearings. General Gasket 
Co., Industrial Road, Clifton, N. J 

For more information 


Circle 63, inside back cover 


Subminiature 
Three-Pole Relay 


A subminiature three-pole relay 
series has a voltage range up to 48 v 
d-c, nominal, with pull-in at 75 per 
cent of nominal value. Coil resistance 
of up to 6,700 ohm is provided, with 


(Continued on page 264) 
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CORROSION 
1 RESISTANCE 


..-for ACID PUMPS for instance 


One of the strongest plastics known .. . .Ace 
Hard Rubber . . . got the nod for the impeller 
and casings of this acid pump. Why? (1) It's 
resistant to almost all corrosives; (2) High 
strength and abrasion resistance; (3) Won't 
warp or swell; and (4) Costs much less than 
corrosion-resistant alloys. Typical result: On 
one job this hard rubber pump handles 12% 
hydrofluoric acid, turns on and off twice a min- 
ute, 24 hours a day, six days a week ... a mighty 
tough test for corrosion-resistant materials? 


Many other Ace hard rubber compounds are 
available . . . tensiles as high as 10,000 psi, mois- 
ture absorption as low as 0.04%, power factor 
as low as 0.006, heat resistance to 300 Deg. F. 

. also many new plastics and rubber-resin 
blends. All Ace compounds are tailor-made to 
fit the job. . . never over-designed. That's why 
Ace is the only material that meets all four big 
requirements for parts like acid pumps. 


and here’s a 


Hard rubber sleeve provides electrical 
insulation as well as mechanical 

and chemical strength in this coupling 
for electroplating agitator. 


80-pg. Ace handbook 


free to design engineers. 


E’rubber and plastic products 





@:: 


AMERICAN HARD RUBBER COMPANY 
3 WORTH STREET - NEW YORK 13, WN. Y. 





ORANGE re 77e NEEDLE BEARINGS 


meet strict design and operating requirements 








in Sier-Bath ‘‘Gearex’’® Pumps 


Sier-Bath ““Gearex"’ Pumps (Internal Bearing 
Type) handle oils and lubricating materials 
from thin to heavy viscosities, in volumes 
up to 550 gpm. and pressures to 250 psi. 
“Gearex" Pumps are distinguished for com- 
paciness and high capacity—cool, quiet, 
vibration-less operation—dependability un- 
der severest 24-hour-a-day running. 

Cutaway shows 4 Orange Cage Type Needle 





Bearings mounted on shafts of timing gears 
and double helical rotors. All parts and 
clearances are built to close tolerance and 
must be maintained through years of 
operation. The Orange cage-type bearings 
eliminate possibility of roller skewing—run 
smoothly, quietly—carry the loads in very 
small space—have been used successfully 
for eight years in this installation. 








Non-skewing rollers —high capacity — small space 
provide answer to many bearing design problems 


pp lose the opportunity to 
compact your designs with the 
high load-to-space ratio of needle 
bearings because of specific or un- 
usual operating conditions. 


The unique advantages of Orange 
Cage Type Needle Bearings have 
broadened the use of needle 
bearings—opened many applica- 
tions hitherto unsuited to con- 
ventional types. 


With the Orange cage design, 
rollers are permanently aligned. 
The rollers can not skew. True 


running is assured at relatively 
high speeds and in any position— 
horizontal, vertical, tilted or over- 
hung mountings. They are less 
affected by misaligned mounting 
or uneven loading. Operation is 
extremely quiet, even and trouble- 
free. 


Standard sizes from 2” to 8” shaft 
diameters, with stocks and en- 
gineering service in all leading 
industrial centers. Write for 40- 
page Engineering Manual M-56 
showing details and dimensions. 





ORANGE ROLLER BEARING CO., Inc. 
551 Main Street, Orange, N. J. S-~ 


Needle Bearings — Staggered Roller Bearings anh 


Journal Roller Bearings — Thrust Roller Bearings we 
Cam Followers 


el 7 N fe] = 


ROLLER BEARINGS 
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50 
)recision shell molds 
ler hour with 


ASCO CONTROLS 


Dependable precision control by ASCO has been a long 
time feature of a wide range of automatic equipment and 
machine tools. A typical example is the Shell-O-Matic high 
speed shell molding machine shown here. The machine 
produces precision shell molds for casting in ferrous and 
non-ferrous metals. ASCO solenoid valves sequenced by 
ASCO relays completely control the operation. 

Integrated in the control system are the ASCO control 
panel, single and dual solenoid valves with watertight 
molded coils, relays and contactors. These controls help 
Shell-O-Matic achieve a production rate of 50 precision & ‘¢) ¢. t 


units per hour. 
— ‘ vat 
ASCO CONTROL PANEL — el 


This control panel consists basically of two ASCO 1054 Relays 
and 1035 Contactors. The 1054 is especially designed for 
rugged industrial use with powerful efficient magnet for positive 
action. It is a 25 ampere relay, available in a variety of pole 
combinations up to 12 poles. The Bulletin 1035 is a continuous 
duty contactor, suitable for all classes of load, with interrupting 
capacity of 6 times rated current. Standard ratings are to 300 
amperes; contactors with higher capacities are available. 
































ASCO SOLENOID VALVES 


ASCO Bulletin 8344 4-way solenoid valves are especially de- 
signed for double acting pneumatic or hydraulic cylinders. In 
this installation watertight luxolene molded coils have been 
specified since the shell molders are washed down frequently. 
These poppet type valves provide tight seating with absolutely 
no leakage. They are power driven in both directions by line 
pressure. A full line is available: sizes %”— 1” with single or 
dual solenoids and J.I.C. construction. 

These quality products are representative of the complete 
line of ASCO controls now available. Design your control 
system with ASCO electromagnetic control and solenoid valves. 
Technical literature and engineering assistance are available. 
Write ASCO tcday about your control problem. 




















Important announcement . . . new ASCO plant 
now being built in Florham Park, N. J., will 
double production capacity and greatly extend 
the range of our research, product development 
and services. 


Automatic Switch Co. 


385 Lakeside Avenue, Orange, New Jersey 






















Automation with Air Power 
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MEAD Rotary Work Feeder is the 
heart of this machine to crimp eye- 
lets and rings on pen barrels. A 
simple combination of standard 
Mead units makes a semi-automatic 
machine—operator merely loads. 





ee, 
/ | ‘ 
i | To Master 
~ r Valves 





8) 
’ 4“ ©! 
cary nd Ot ee The ROTARY WORK FEEDER indexes 
Circuit Diagram of Units in This Photo to 8, 12 or 24 stations, at speeds 
; ; from 15 to 150 stations per minute 

Combine readily to feed work to drill press, air Auxiliary valve actuates drill press 
feed or other pneumatic tool as 


impact hammer for a wide variety of operations each station indexes 


(1) Meadmatic Timer controls cycles per minute and “dwell”. (2) Speed 
control valve and quick exhaust valve regulate advance and retraction of 
tool. (8) Adjustable depth stop. (6) Single-acting air cylinder. (7) Ver- 
tical stand. (8) Rotary Work Feeder. All units mounted on Universal Base. 


Write for free booklet of 44 “Ex 


amples in Air Power Automation 


SPECIALTIES CO., 4114 N. Knox, Dept. PE-17, Chicago 41, Ill. 











PATHFINDER IN AIR POWER AUTOMATION 
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da l-w powe! requirement. lempet ifure 


range 45 C to 55 C. Dimensions 

are 14 x 43 x 48% in., weight § oz 

Potter & Brumfield, Inc., Princeton, 
Ind 

For more information 

Circle 64, inside back cover 





Circuit Breaker with 
Vibration Resistance 


lhis miniature magnet circuit 
breaker is for use im protecting 
tronic equipment. It will withstan 
10 G at 55 to 1000 cps The trip k 
is said to have been raised to 135 
cent of rated load current 

Units are available for interruptin 
50 v d« at currents from 0.05 to 1 
amp and for interrupting 120 rms \ 
60 or 400 cps, at current from | to 
10 amp. Airpax Products Co., Balti 
more 20, Md. 


For more information 


Circle 65, inside back cover 





A-c Solenoid Has Solid, 
Slotted Plunger 


Delivering 20 lb thrust at 100 p« 
cent voltage this solenoid is available 
for intermittent duty, in both push 
ind pull types. A solid, cylindrical 
slotted plunger is said to eliminat 
rivet failure. For operation on 115 o1 
220v, 60 cps, single-phase, a-c. Weight 
is 6 lb, 11 oz, including plung: 


(Continued on page 266) 
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with MADISON-KIPP 
zinc and aluminum die castings 


The “Shooting” of a die casting is spectacular far be- 
yond what can be imagined, even by examining complicated 
die castings. 

The split second interval from molten metal to a cast- 
ing having maximum process utilization must, however, be 
backed by seasoned skill. 

At MADISON-KIPP the practiced, practical die de- 
signers have given substantial assistance to highly placed 
designers and engineers for over a quarter century 

Please clip this ad as a reminder to contact us when you 


have die casting requirements. 


elie MADISON-KIPP CORPORATION 


206 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Az 


Skilled in Die Casting Mechanics e Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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Bath Customers 
do not have 


Gear Troubles! 





- 





Are you plagued by some, or all, 
of the following gear problems 
which Sier-Bath has eliminated 


for its customers? 


®@ How to obtain better gears that run quietly and without vibration. 
®@ How to avoid early gear wear and failure. 

@ How to get those better gears without increasing the cost. 

® How to reduce costs of existing gears. 


@ How to be sure your gear drawings have correct details of tooth 
proportion, tolerances, contact ratio, heat treating and material, to 
conduct the gears through their mesh in the smooth and lasting 
manner of a ball rotating against a hard, highly polished and con- 
toured surface. 


Join all the other Sier-Bath customers who let us handle their 
gear requirements from original design to ultimate superiority 
for their machines. Send your gear drawings—or request our 
engineer to discuss your gear problems 


All kinds of gears—all materials. 


e Made—cut—shaved— ground tooth. 
= 48” maximum diameter 
Sier Bath Sier-Bath GEAR « PUMP CO., Inc. 
Pp R rp Cc | 45 | ©) re 9238 HUDSON BOULEVARD NORTH BERGEN, N. J 


GEARS Peuneee 1908 Members A.0.4.A. 


manufacturers of Rotary | 


Pumps and Flexible Gear Couplings 
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New Parts and Materials continued 


Stroke is 13 in. Over-all dimensions 
of solenoid less plunger: 54 x 34 x 38 
in. Black & Webster, Inc., Newton, 
Mass 

For more information 


Circle 66, inside back cover 


Quick-Connect Coupling 


\ few turns of the threaded female 
union coupling actuates two spring 
loaded pins, opening or closing the 
connection Ihe unit is rated at 
5,000 psi and is made to government 
standards. Wisconsin Hydraulics, Inc., 
3165 N. 30 St., Milwaukee 16, Wis. 


For more information— 
Circle 67, inside back cover 


Operations Control 


[his is a time control device in 
which a number of multiple contacts 
are selected for opening and closing 
independently and individually for any 
single unit of a group of multiple 
intervals (or operations). These inter 
vals are independently and individually 


(Continued on page 270) 
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me ckaged sealing 
a both rotating am 
faces enclosed in 
tock sizes for shafts 


STYLE GU - 
unit containing 
stationary seal 
metal housing. S 
250 through 4. 


— Pumps And . 
nanan Compre. 
3 pare SEX — Rugged fexibine 
: - Sing] , 
Sizes for shafts . 250 ¢~4 


STYLE R 
Roto-flex sea 


© stuffing l, for i 


box. St 


| 
-250 through 4.000 


A Complete Line 


GITS SHAFT SEALS 
For Every Application 


These modern, mechanical, face-type seals are carried in stock — 
to save you time and money. Write for detailed data. 


G1Ts BROS. Mrs. Go. 
18388 South Kilbourn Avenve * Chicege 23, Illinois 
fists In Lubriceti ti 
Heavy Machine Tools : Spoctaties| nt brctng Deve An 

pPC —A high-speed, 

pebabing, Hh seal, for more comet 
installation in heavy —— -a 
machinery. Stock sizes for s ) 
250 through 4.000. ~ = > = 


STY bled 
U—A factory-assem 

cep seal for the small. bute 

pr Stock sizes for sha ; 


) through 1 .000. 






































Aircraft Engines And Accessories 


STYLE HH — Absolute minimal space 
(both radial and axial) under extreme 
conditions of temperature, pressure and 
seal face surface speed. Features pres- 
sure balance when fluid pressure is 
applied internally or externally. Stock 
sizes for shafts .250 through 4.000. 


= 





STAMINA such as 


you've never seen before! 


‘ +2 OSs Seabed Eves: ses 
+3 +4444 : 
; +1 +4414 } } 
woes a t 
4+ + + 
ons ganas Fs: 
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HIGH TORQUE neavy curvy ‘Jeep’ 6 


This new Keypoint Engineered engine sets a new standard of quality 

design in the industrial engine field. Extra durability for parts that wear out first 

in ordinary engines results in full-time ‘Jeep’ dependability and long life. 

To prove this engine’s ruggedness in action, Willys engineers ran it at 4,000 rpm 

under full load in repeated 100-hour tests. Each test simulated 50,000 miles of ordinary 
vehicle travel. Breakdowns: None. Parts failures: None. Disassembly and careful 
inspection after all tests revealed that every component was still in exceptionally good 
condition! For real stamina... for high torque at low operating speeds, specify this Heavy 
Duty ‘Jeep’ 6. 


HEAVY DUTY ‘Jeep’ 6 SPECIFICATIONS 


@ Maximum Torque: 180 ft. Ibs.* @ Maximum Continuous bhp: 65 at 2400 
@ Maximum Continuous Torque: rpm* 

142 ft. Ibs.* (torque peaks @ Piston Displacement: 226 cu. in. 
at 1200 rpm) 

Maximum bhp: 92 at 3200 *All tests under full load 


rpm* 


These KEYPOINT - ENGINEERED features mean longer 
engine life, low-cost upkeep 
@ POSITIVE VALVE ROTATORS. Hard Face Stellite or Eatonite Valves. 
Stellite or Eatonite Valve Inserts. 
@ FOUR RING ALUMINUM ALLOY PISTONS with Hard Chrome 
Compression Ring and Hard Chrome Steel Rail Oil 
Ring. New Piston Control Band reduces the possibility of 
slap and skirt collapse and contributes to outstanding 
oil economy. 


NEW PREMIUM HEAVY DUTY BEARINGS of Moraine Durex 
FORGED CRANKSHAFT. 100% counterweighted. 

HIGH TORQUE CAMSHAFT specially designed for industrial 
use provides extra lugging power at low 

operating speeds. 

SINGLE CARBURETION AND MANIFOLDING provides 
maximum efficiency from every drop of fuel. 


Product Engineering — January, 1957 

















— 


inecring 


4 


En 


Product 








New Parts and Materials. .... . continued 


idjustable, automatically following a 
selected sequence or cycle which can 
be selected to repeat or be reset at the 
end of a sequence or cycle. Switches 
being operated by individual cams 
can be set to operate simultaneously 
with one another, with an accuracy 
said to be better than 1/100 sec. The 
standard selector operates on 115 v, 
60 cps, ac. The twenty snap-action 
switches provided for energizing re 
sponsive devices have contacts rated 
at 15 amp 120-250 va-c. The shortest 
time interval obtainable is 5 sec. 
Each unit is supplied with a maximum 
of 20 time intervals. The unit may b« 
purchased housed in a JIC cabinet, or 
without the cabinet for rack mounting 
Henry G. Dietz Co., 12-16 Astoria 
Blvd., Long Island City 2, N. Y. 
For more information 
Circle 68, inside back cover 


Control Circuitry for 
Meter-Relays 


@eervse Now available, the latest, 
revised edition of the B. Jahn Catalog. Scores of case histories 
show B. Jahn progressive die engineering and ingenuity A miniature plug-in contro! pack, 
containing all the basic control cir- 
cuitry needed for use with contact 
meter-relays, measures approximately 
- ; 4x 2x 4in. The standard minimum 

EE how dies by B. Jahn end worry, wonder, waste! How parts include an isolation transformer, 
B. Jahn can cure assembly headaches! How B. Jahn ‘'Pro- a d-c power supply (including recti 


duction Proved” Dies are built stronger, produce longer! fiers), and slave relays to provide 5-amp 
How B. Jahn eliminated thousands of costly, unnecessary oc, LiS-v contects, Tipp seomsc, Inc., 
: l'ipp City, Ohio 


production operations and cut product costs! And more! ! ! For more information 


Circle 69, inside back cover 


solving mass production problems for America’s most pro- 
gressive manufacturers. 


Send today for your copy of the NEW E 

20 page B. Jahn Catalog and learn for Hermetically Sealed Switch 
yourself how many 

of the world's largest 


aeadiaheien eat Chreaded _actuator plunger guide 
costs, improve pro- sleeve permits mounting the switch 
duct quality. P Fi | 77 actuator button flush or extended any 


distance from the mounting board up 


to % in. The switch is hermetically 


THE B. JAHN MANUFACTURING COMPANY, NEW BRITAIN, CONNECTICUT | (Continued on page 274) 
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CLUPSHES 


for a wide range of 


AUTOMOTIVE... INDUSTRIAL AND AGRICULTURAL APPLICATIONS 


Ask Dana clutch engineers to help meet your 
particular power transmission requirements. 
Dana has the clutch experience and the ability 
to do the job... the result of over 50 years of 
development in power transmission. 

Dana engineers have designed Spicer Clutches 
to meet practically every specification for auto- 
mobiles and trucks; for heavy-duty off-highway 
and industrial applications; for crawler tractors, 
farm tractors, and many types of self-propelled 
vehicles; for railroads; and for stationary indus- 
trial applications. 

Spicer Clutches range in capacity from 6” 
diameter single-plate through 15%” two-plate 
types. These clutches have the advantages of 
lightness, great strength, and long life. They are 
produced in Dana plants devoted exclusively to 
the development and manufacture of clutches. 

Ask Dana engineers to analyze your clutch 
requirements, and request free book describing 
all of Dana facilities. 


DANA will be at the ROAD SHOW 


DANA CORPORATION 
TOLEDO 1, OHIO 


SPICER PRODUCTS: Transmissions « Universal Joints + 
Propeller Shafts « Axles « Torque Converters + Gear 
Boxes « Power Take-Offs « Power Take-Off Joints « Rail Cor 
Drives * Railway Generator Drives « Stampings + Spicer 
and Auburn Clutches ¢ Parish Frames « Spicer Frames 


A ybeuence in Engineering Milly in lanufacti ung 





For heavy-duty special equipment and truck application... 


TDA NOW OFFERS 


todays broadest range of 


PLANETARY AXLES 


steering and rigid...from 11,000 to 75,000 Ib. capacities! 


A complete range of new planetary heavy-duty 
axles— with a steering axle operationally matched 
to each rigid axle in the line —is now included in the 
Timken-Detroit® family of advanced design axles. 
This matching of steering and rigid units brings you 
just the right axles for every requirement in both 
special off-the-road equipment and heavy-duty 
trucks. 

Years of research and development have resulted 
in these new and exclusive planetary OUTER-END 
features: floating ring gears—concentrically 


- 


* os 


PLANETARY STEERING AXLE 


PLANETARY RIGID AXLE 


mounted ring gear hubs—full-flow lubrication of all 
bearings and planet gears—special forged bronze 
planet pinion pins—and an unusually high degree of 
parts interchangeability. 

Because of their versatility, ruggedness and al- 
most unlimited gear reductions, these new, full 
planetary axles are going into use all over the 
world on heavy-duty prime movers, big four-wheel 
tractors, off-road rock wagons, mining equipment, 
heavy-duty scrapers, front-end loaders and other 
heavy-duty equipment. 








. 


Only New Timken Full Planetary Design Brings You These 


Features for Extra-Long Life, and Extra Dependability: 


. New Floating Ring Gear . . . Ring gear and 
hub are two separate pieces. Ring gear is 
free to float radially. This feature, com- 
bined with floating sun gear, assures equal 
distribution of stresses to all planetary 


gears, gives longer, trouble-free gear life 


. Concentrically Ground Ring Gear Hub and 
Spindle Mounting Surfaces ...Concentrical 
grinding around a common center assures 
perfect alignment and fit—plus freedom 
from bending forces on the hub and spin- 
dle splines. Splines absorb only torsional 
stresses from the ring gear and transmit 
them to the housing. 


. Special Forged Bronze Planet Pinion Pins 
... Pins are forged of special alloy bronze 
for longer, trouble-free operation. Rifle 
drilled lubrication channels and machined 
lubrication flats assure full time lubrica- 
tion of the planet pinions. When cover is 
assembled pin is locked in place to pre- 
vent rotation — resulting in longer pin life. 


4. Full-Flow Lubrication ... Design of Timken 


planetary axles assures constant flow of 
lubricants to wheel bearings and all planet 
gears while vehicle is in operation. Wheel 
hub and planetary spider pick up oil in 
the cast reservoirs as they rotate and 
channel it to wheel bearings and pinions. 
When vehicle is not in motion oil is re- 
tained in these chambers providing ample 
initial lubrication for all moving parts. 


High Degree of Parts Interchangeability 


.. . Important to service and operation is 
the high degree of parts interchangeabil- 
ity between both rigid and steering axles 
in the same planetary series. This means a 
smaller parts inventory, low maintenance 
costs and more productive time with 
Timken planetary axle equipped vehicles. 


Plants at: 
Detroit, Michigan * Oshkosh, Wisconsin 
Utica, New York + Ashtabula, Kenton 
and Newark, Ohio + New Castle, Pennsylvania 





©1957, RS&A Company 


For complete information on the TDA family of 
planetary axles—write Timken-Detroit Axle Divi- 
sion, Detroit 32, Michigan . . . or visit the TDA 
display at Booth No. 364 at the 1957 Road Show 

Chicago Amphitheater, January 28th through 
February 2nd! 


TIM it 
A ES 


ROCKWELL SPRING AND AXLE COMPANY 


WORLD’S LARGEST MANUFACTURER OF AXLES FOR TRUCKS, BUSSES AND TRAILERS 











TIME 
to check 
FAS’ EN ER 
GORY and reduce them 


with 


STUD WELDING 


. the fastest electric arc welding 
process for end welding fasteners 








KSM PRODUCTS, INC. 


AS 'S £A,| stud welding division 





MERCHANTVILLE 48, N. J. 








NORTHERN 
NITRALLOY PUMPS 


— LPR, be cs rad “ee. 


Unique block construction permits selection from a wide choice of metals 
for virtually any pumping need. Proven in thousands of installations . . . 
backed by 50 years of engineering and production experience. Unexcelled 
for precision manufacture, accurate pendable, long-life 
operation. Pressures to 2,000 PI. Capacities from “4 to 146 GPM. Write 
for free catalog and engineering data. 





NORTHERN ORDNANCE, INCORPORATED 
Subsidiary 


NORTHERN PUMP COMPANY 
MINNEAPOLIS 21, MINN 





New Parts and Materials continued 


sealed, filled with dry, inert gas and 


s said to be moisture and dustproof. 
Switch has } in. overtravel with 4 
in. pretravel along the plunger. Haydon 
Switch Inc., Waterbury, Conn. 
For more information 


Circle 70, inside back cover 


Repeat Cycle Timer 


For temperature control of equip 
ment such as heaters, percentage of 
uniform temperature 1s set by turning 
the knob and pointer to the calibrated 
position on the dial. No other adjust 
ment is necessary. Automatic timing 
of holdfire controls, mixing machines, 
testing equipment, fans, heaters and 
other similar equipment is also possible 
Ihe total time cycle can be adjusted 
from 15 sec to 24 hr, with a range of 
adjustability to 94 per cent for “on” 


and “off” periods. ‘Timer is equipped 


(Continued on page 276) 
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re emine 
INDUSTRY FINDS A \\ 
“FOUNTAIN OF YOUTH” \\\\. 
IN THIS 


SELF-REJUVENATING 
CLARE RELAY <> 


Drawings (left) 
from stroboscopic 
photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing a globule of 
mercury to fall out. 
Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 


S extremely fast 


break that ends it 
—minimizes the arc 
and adds greatly to 
contact load capac- 
ity. Contact clo- 
sure between the 
two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 
in the electrical cir- 
cult. 








UREKA-— It is Found (Gre 
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UPPER 
POLE PIECE 


ARMATURE 





CAPILLARY 
SUPPLY 






LOWER POLE 
PIECE 


MERCURY 
RESERVOIR 


at 


Ponce de Leon failed in his quest for a ‘‘fountain of youth,” but \ 
modern design engineers find rejuvenation an accomplished . 
fact in CLARE Mercury-wetted Contact Relays ...capable of ¥ 
billions of operations. 

Contacts of these relays are constantly renewed. By capillary 
action, like that of a lamp wick, a new film of mercury coats the 
contacts with every make and break. 

The magnetic switch is sealed in a high-pressure hydrogen 
atmosphere inaglass capsule. Surrounded by the operating coil, 
the capsule is enclosed in a vacuum-tube-type steel envelope. 

UTalilc-melaeliar- (a me-ir- bh mere)ale- (en -Pu dal-1-1- Morel ane-(ene-Mal-)0-1an. 1-1: laeel eh & 
never get dirty; never lock or weld; never get out of adjustment; 
never bounce. 


Send for CLARE Engineering Bulletins No. 120 and 122. Address C.P 
Clare &Co., 3101 Pratt Bivd., Chicago 45, Iilinois. In Canada: C. P. Clare 
& Co., 659 Bayview Avenue, Toronto 17. Cable Address: CLARELAY 


CUARIESRE LAYS 


FIRST in the industrial field 











LLM He 


Now, Greater Dependability, 


Longer Life for Flex Connections 


with New Stainless Steel Rex-Weld 


O.D. (in.) 


Minimum Inside Burst Weight 
Bend Diameter (In.)| Pressure Per Foot (ibs.) 





RW 
80 


| 


RW RW 


RW Repeated | Static (psi) ~s ~ 


81 | Flexing | Bend 





% 





% 12 | 16,500 | .20| .36 





WA | 


7% 
134, 14 


10% | 14,000 | .27| .41 





27) 


31/9 16 11 12,400 | .47| .65 





% | 1"%he 


11%) | 21 17 10,500 | .90 | 1.33 





| 1354, | 


11/6 | 26 18 8,500 | 1.04 | 1.59 





1% | 15% 


21s 30 21 7,600 | 1.81 | 2.39 





1% | 2% | 2% 35 22 


6,600 | 2.19 | 2.71 





2 257k 35hs 24 


FLEXON® 


The Complete Line 
for good connections 


REX-WELD 

corrugated metal hose is 
available in stainless steei, 
steel, bronze and alloys; sizes 
¥,” through 24”, |.D.; for 
burst pressures to 18000 psi. 


REX-FLEX 

corrugated stainless steel hose; 
sizes 4" through 6”; working 
pressures to 3100 psi. 


REX-TUBE 

interlocked and square 

locked type hose and 

tubing in steel, bronze, stainless 
steel and other alloys; sizes 

¥,”" through 12”, 1.D. for low 
and moderate pressures and 

for use as conduit, ducting, 
exhaust, protective armor, etc. 


CATALOG No. 152 

gives basic specifications and 
application data for Flexon 
Metal Hose. Write for your 
copy, today. 


Flexonics © 

















4,650 | 2.97 | 3.78 


RW-80 is unbraided, RW-81 
has stainless steel braid. A 
complete selection of fac- 
tory-attached fittings is 
available to meet all require- 
ments. Data on larger sizes 
(to 6” I.D.) available on 
request. 


New stainless steel Rex-Weld corrugated 
metal hose makes possible opportunities 
for greater economy in scores of flexible 
connection applications. 

If corrosion is a problem, internally 
or externally, specify stainless steel Rex-Weld. 
If your cost of replacing flexible connections 
is high, you can reduce the frequency 
of replacement by specifying stainless steel 
Rex-Weld. Similarly, if the cost of downtime 
or the cost of interrupting continuous 
processes makes less frequent replacement 
of flexible connections imperative, specify 
stainless steel Rex-Weld. 

Basic specifications for stainless steel 
Rex-Weld are given above. Check your 
requirements against this data, today, and 
determine where the corrosion resistance 
and extra durability of stainless steel 
Rex-Weld will pay dividends for you. 
Write for full information. 


RW27 


Oyo alone 


CHICAGO METAL HOSE 


DIVISION * 
1351 S. THIRD AVENUE, MAYWOOD, ILLINOIS ¢ i 





FORMERLY CHICAGO METAL HOSE CORPORATION 


Manvfacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 


In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


New Parts and Materials continued 
with a visible dial, snap-action switch 
with silver contacts and a synchronous 
motor. Rating: 110 v, 60 cps; 110 v, 
50 cps, a-c. Dimensions: 5 x 3 x 3 in. 
Zenith Electric Co., 152 W. Walton 
St., Chicago 10, Tl. 


For more information— 
Circle 71, inside back cover 


Temperature Regulator 


\ safety-type temperature regulator 
will automatically to 
overheating and possible damage t 
products in process, in the event the 
thermostatic unit is accidentally dam 
aged. A 42 in. 


more powerful response and smoother 


close prevent 


bellows is used for 
modulating action in controlling the 
flow of hot water or 
medium. the 
tight-closing, 
suitable for 
service. It is available 
Robertshaw-Fulton 
400, Knoxville, 


steam, other 


Because device has a 


special single-seated 
valve, it is “dead-end” 
or terminal 
from 4 to 2 in. 
Controls Co., Box 
Tenn. 

For more information 


Circle 72, inside back cover 


Miniature Magnetic Clutches 


Clutches of this type are designed 
for electrical control of rotary mechan- 
ical the 
setting or adjusting of potentiometers, 
rotating 
They also may be 


functions, such as remote 


synchros and other com- 


ponents used as 

controlled loads or stops 
Model 583 is 14 x 244 in. length. 
(Continued on page 280) 
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WHEN GASKETING MUST LAST LIFE OF PRODUCT 
SWITCH TO RUBATEX CORD 
Quality controlled, closed cellular Rubatex 


Cord helps insure lifetime accuracy of Brown 
ElectroniK Potentiometers. 





“An instrument door may be opened 
daily for 30 years; but the gasket should 
keep a tight seal to insure the accuracy 
of the instrument. We tested Rubatex 
Cord for several months before deciding 
to buy it. You can bet we wouldn't have 
ordered it if we weren't satisfied of its 
Shown here is a Brown ElectroniK Potentiometer used eect qualities. 
for measurement and, where desired, the control of John A. Caldwell 
many variables. Rubatex Neoprene Cord's lasting Chief Liaison Engineer 
qualities, ability to stand up under wide variations 
in temperatures, atmosphere and usage moke it 
ideal as gasketing in the door of the instrument case. 


Minneapolis-Honeywell Regulator Company 
Brown Instruments Division 
Philadelphia, Pa. 


By buying Rubatex Closed Cellular Neo- 
prene Cord in precut lengths, Minneapolis- 
Honeywell Regulator Company, Brown In- 
struments Division, solved the problem of 
controlling the dimension of cord for gas- 
keting case doors of their Electronik 
Potentiometers. They are now able to get 
the quality control they need—plus easier 
and swifter application since it is precut 
to lengths required. 


Rubatex Cord is also ideal as weather Rubatex Cord is easily applied in strips which are fitted into grooves 
stripping, appliance and automotive gas- » Gp Seine Seg 6 WUD Gn Cee hes Cue Guees Me 
kets and drum seals. Produced in con- 
tinuous lengths in Yg’and 1,4’ diameters. 
Can be supplied in polymers other than 
neoprene. Other shapes can also be fur- 
nished. For quotation, submit sketch or 
drawing. 


closed cellular structure of Rubotex prevents any crimping at the 
corners — assurance of full effectiveness of the seal 


RUBATEX 


Uniform size, ability to return to original dimension after 


CLOSED CELLULAR 
extended pressure are two of the outstanding features 
N E oO fF R E N E Cc O R D of Rubatex Cord which make it applicable as an effec 


tive gasket in this Brown Instruments Chart Recorder 


RUBATEX DIVISION, Dept. P-1 
GREAT AMERICAN INDUSTRIES, INC. 
Bedford, Virginia 


For full detoils and sample of the new 
Ruboatex Closed Cellulor Neoprene Cord — 
print your nome in spoce below ttach to 


your company letterhead ond moil to us 


Send for Free Sample and full details 
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Now —Cleveland provides a single source 
for all your socket screw requirements 


Simplifies specification, cuts paper work, speeds delivery 


CLEVELAND STANDARD SOCKET SCREW PRODUCTS 
UNIFIED THREADS—CLASS 3A FIT 





Type 


Standard Sizes 
(diam.) 


Material 





Socket head 
cap screws 


Set screws 
(cup, half dog 
flat, cone or 
oval points) 
Flat head 
socket cap 
screws 

Button head 
socket cap 
screws 
Shoulder screws 
(stripper bolts) 


Dowel pins 


Pressure plugs 
Socket screw 
keys 


#0 to 1% in 


(larger sizes avail.) 


#0 to Lin 
(#0-#3, cup point 
only) 


#4 to % in 


#4 to % in 


% to% in 
“% to 1 in ng 
(nominal size and 
001 in. oversize 
for repair) 


Vg to 1% in 


NPTF 


~ 028 to 1 in. across 


flats; short or long 
arm 


Alloy steel, heat treated 


or 
Nonmagnetic 18-8 stainless 


Alloy steel, heat treated 


or 
Nonmagnetic 18-8 stainless 
(to % in., cup point only) 


Alloy steel heat treated 





Cleveland has expanded its socket screw line to provide a single 
source for all your socket head needs. 

At the same time, and in conjunction with opening its new plant, 
Cleveland is doubling its factory warehousing capacity. This, plus 
the latest materials handling equipment, will enable Cleveland 
distributors to get same-day shipment of your larger orders. 

Included in the expanded Cleveland socket screw line are preci- 
sion dowel pins. While not a socket head product, they are basic 
fasteners for the important tool and die industry, where they are 
closely associated with socket head cap screws and shoulder screws. 
We offer them as part of a complete service. 

Cleveland socket head cap screws are upset forged from heat- 
treated alloy stee!. This results in symmetrical, unbroken grain 
structure in heads, threads and fillets—greater fatigue and tensile 
strength, stronger fasteners. 


Write for latest literature and technical data. Then see your local 
Cleveland Cap Screw distributor for all your socket screw requirements. 


THE CLEVELAND CAP SCREW COMPANY 
4444-4 Lee Road, Cleveland 28, Ohio 
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EFFECT OF HiGh TEMPERATURE 
ON >” DIAMETER WIRE 


INickel—plated 
copper... 


for high conductivity at 
elevated temperatures 


Syevania’s Nickel-plated copper wire 
combines the conductivity of copper 
with the corrosion-resistant properties 
of nickel for applications involving 
temperatures ranging from 350° Fah- 
renheit to 700° Fahrenheit. 


Equal lengths of Nickel-plated copper 
and three other wires were heated in air 
at 800° Fahrenheit for an extended 
period to determine the effect of heat 
on conductivity. 


¥ SYLVANI 


Product Engineering 


January, 1957 


Nickel-plated copper, more than any 
of the other wires except for pure 
nickel, holds its original low resistance. 
It’s this feature which, in many cases, 
has made Nickel-plated copper more 
desirable than costlier wires used where 
conductivity must remain constant un- 
der high temperature environment. 


Nickel-plated copper wire can be 


supplied in a full range of diameters 
from .250” to .005”. 


Sylvania is the only major 
wire supplier with complete 
facilities for plating and 
cladding wire. This makes it 
possible to provide you with 
an experienced, objective 
recommendation as to whether 
a plated or a clad wire is best 
suited for your application 


In addition, Sylvania’s Parts 
Division offers you complete 
4-way service including custom 
molded plastic parts, small 
metal parts ranging from wire 
forms to deep drawn parts, 
and special electronic com- 
ponents. Write for the *Port- 
folio of 4-way Service” and 
the new technical bulletin on 
Nickel-Plated Copper Wire. 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 
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It has a maximum combined braking 
and clutching torque of 8 in-oz. Model 
543 is 13 x 44 in. length. It has a 
maximum combined braking and 
clutching torque of 35 in-oz. Both 
clutches are the solenoid-operated, 
dry-disc type requiring no slip rings 
Backlash is said to be eliminated. They 
are fixed-coil clutches designed for 
high cycling rates and operation at 
24 and 48 vy. Positioning does not 
iffect their operation. Helipot Corp., 
Newport Beach, Calif. 

For more information 


Circle 73, inside back cover 


WRITE US 
ae 


RECOMMEN- ; Flexible Duct 
Vinyl-coated glass fiber fabric with 
DATIONS me | wit 


1 supporting spiral made from 


4] 


less steel provides a duct that bends 
0 to 180 deg. Dept. AD, Wiremold 
Co., Hartford 10, Conn. 

For more information— 


Circle 74, inside back cover 





Variable Speed 
Transmissions 


Chis variable speed transmission 
is adjustable over a range of 8:1, with 
settings adjusted either manually o1 
1utomatically while unit is at stand 
still or in motion. ‘Transmission 
components run in oil and are com 
pletely enclosed. Optional spur, be vel, 
or worm gear reductions are available 


ind may be installed in any of four 


positions or planes. Only two sizes 


ELECTRIC WHEEL COMPANY of socket wrenches are needed for 


dismantling and reassembly of com 
28OS SPRUCE+- QUINCY. ILLINOIS . 
plete transmission. l'ransmission con 
trol is arranged by either electrical, 


(Continued on page 283) 
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This compressor valve works with no impact 
for longer life, best efficiency 


Stainless steel strips, in red, open 
the Feather Valve ports by roiling 
contact against the lower plate 
There is no impact 


The Feather* Valve is the lightest, simplest, quietest compressor valve 
ever developed. Flexible strips of stainless steel open and close the valve ports 
with a gentle rolling contact. There is no destructive impact even when the 
valve is operating as fast as forty times a second 

This lack of impact assures long life and negligible maintenance. The valve 
itself is all but indestructible. Absence of buffer plates and cushioning devices 
give it extreme simplicity. 

The Feather Valve is quiet and reliable because of its lightness and tight 
contact seating. Valve action is very sharp. There is virtually no slip or back 
flow. As a result, you get minimum valve loss and use minimum power 

To get the utmost in performance, be sure you specify Worthington when you 
buy your next compressor. Worthington Corporation, Harrison, N. J 


WORTHINGTON 


—S 


Sa SSS 








WHAT’S YOUR C.Q. 


“COMPRESSOR QUOTIENT 


ue 


In-line or V-type —which is more efficient? In cer- 
tain fields, this is a hotly debated subject. In compres- 
sors, however, most authorities agree that the V-type 


AHHH HH 


design provides better balance, smoother running, and 
better cooling. Besides building only the more efficient 
V-type design, Worthington casts each cylinder sepa- 
rately from the crankcase. Air thus flows completely 
around the isolated cylinders, increasing efficiency and 
saving power dollars 


Why is this connecting rod ‘‘aerodynamically’’ 
sound? This articulated connecting rod design assures 
smooth effortless operation, less bearing wear and longer 
life. It’s used in all Worthington radial compressors 
because it lowers crankpin bearing pressure. One large 
bearing carries peak connecting rod loads which occur 
at successive intervals. It's aerodynamically sound be- 
cause the design is also used in all modern radial air- 


craft engines 


What important maintenance feature is he demon- 
strating? When a compressor is operating, valves open 
and close as many as thirty-three times a second. Valve 
maintenance is therefore of major concern to all users 


Unlike many other makes which require replacement 


of the complete cylinder or head, all Worthington com- 
pressors are equipped with individually replaceable 
valves and valve guard seats. This is just one of the 
many Worthington features which save you time and 
money 


To increase your C. Q., write today for the complete story on Worthington’s line of standard 
compressors. Ask for bulletins H-630-Bl and H-605-B3C. Address Section PC64, Worthington 
Corporation, Harrison, N. J. In Canada: Worthington (Canada) 1955, Ltd., Toronto, Ont. 


WORTHINGTON 


SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Air Compressors * Pumps « Multi-V-Drives + Al!speed Drives 





precision strip 
for electronics 
applications 


From 0.0005 in. to 0.040 in. 
thick and 0.090 to 6 in. wide, 
these alloys are available as 
special-tolerance strip: 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainless 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available. 
Others rolled to order in 2 
to 21 days. Can be supplied 
in coils or straight lengths 
with slit or filed edges— 
also cadmium plated. 


Write for Bulletin 7 
TODAY. 


aa) 


PRECISION PRODUCTS, INC 


oi ¢ ent Ave e + Readin Pa 


SALES OFFICES 


New York 
H.G.WILLIAMS 


Ramsey, N. J 


Philadelphia 
J. A. RHODES 
Upper Darby, Pa. 
ae - font 
’.G. STROKE - ous es 
Gieutend J. A. CROWE 
L. D. ALSPACH 
Chicago 
R. A. BURKETT 
Los Angeles 
KRUSEN WIRE & STEEL CO. 
WAREHOUSES 
New York 
BERYLLIUM COPPER SUPPLY CO. 
Little Falls, New Jersey 


Houston 
RANDOLPH 
SALES CO. 


Chicago 

PRECISION STEEL WAREHOUSE INC. 
Los Angeles 
KRUSEN WIRE & STEEL CO. 
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c ontinued 


mechanical, hydraulic, or pneumatic 
means. 

lransmission of power is affected 
through multiple contact of driving 
and driven discs which are free floating 
on splined shafts equipped with onh 
moderate axial loading. Discs are r 
placeable. George E.. Clentimack Co 
Inc., 229 West St., N. Attlebor 

Mass 

For more information 


Circle 75, inside back cover 


Solenoid Valve For 100 Psi 


Ihe valve may be secured with a 
full @ or 3 in. orifice. Continuous 
duty solenoids are available from 6 \ 
d-c to 440 v a-c. Overall length is 
243 in.; the 3 valve, 33 in. Coil 


diameter of either size valve is 2 in 
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Dept. 311-A, Hays Mfg. Co., W. 12 


| St., Erie, Pa 


For more information 


Circle 76, inside back cover 


Miniature Slip Clutch 


[he miniature slip clutch is manu 


~ 


factured in 48, 64, 72, 80, 96 and 120 


(Continued on page 286) 


* 


for High Py 
Temp? 


Designing for 
Low Temp? 


You Need the Special 
Advantages of 


Engineered Lubricants 
from ANDEROL 


The products you design 
can be used at any temper- 
ature without change of 
lubrication . . . if your de- 
signs include a specially 
engineered Anderol Lubri 
cant. Call the Lehigh Lu- 
brication Specialist while 
your product is still in the 
design stage. Regardless 
of volume or requirements, 
Lehigh will engineer a spe- 
cial Anderol Lubricant to 
do the job. 


WRITE TODAY: 


For complete data and 
government specifi 
cations. Our labora 
tories are at your 


service 


Write to Dept. lé¢ 
NDEROL 


Lehigh Chemical 
Company 
CHESTERTOWN, MARYLAND 





WAGNER | om we ke MOTORS THE CHOICE O F LEADERS IN INDUSTRY 


eaten A 


smaller, lighter 





fractional 
horsepower 
12 alec e) & 


Sol ava—)— 


may 6 problems for 


1 ak — oe k—\—s8—eal 


engineer 


Type RK, Capacitor-start, Y¥g, or V4 hp. 


the WAGNER “45” 


Here’s the 48 frame motor you've been looking for! operate efficiently when mounted at any angle. 
The Wagner “48” capacitor-start motor with either Through ventilation assures cool operation that adds 
resilient or welded rigid base. You get the standard to motor life. 

48 frame size, with from three to eight pounds less 

weight per motor than previous models of the same If you would like to test the Wagner “48”, one of our 
hp ratings! field engineers will be glad to furnish a sample motor. 
The Wagner “48” is rugged enough to permit direct Contact the Wagner Branch near you or write to 
mounting, compact enough to fit in tight spots, will the factory. 


ALL ANGLE OPERATION. You can mount the EASY TO CONNECT. Just loosen one screw for ALSO AVAILABLE IN SPLIT-PHASE TYPE. The 
Wagner 48" at any angle. A new lubrication access to terminal board. EASY TO SERVICE Wagner 48" is also furnished in split-phase 
system assures positive protective lubrication . +. Mo need to disconnect leads when removing type, with resilient or rigid base in ratings of 
in any position. endplates. Ye, Ve and Y hp. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6406 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS * TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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meet demands of newest valve 
design with precise sealing 
ability ... complete dependability 


You see them everywhere—small! valves that work under 
high pressures, all-important control links in new hydraulic 
and pneumatic systems. They’re vital in industry’s new 
trend to automation. 


There’s one design problem common to almost all these 
valves . . . getting a seal that’s tight, dependable and long 
wearing, yet allows free valve movement for precise and 
rapid operation and control. 


It’s a tough problem, but there’s a quick and easy answer in 
Houghton Vix-Syn “O” rings and packings. You can put 
them into the most demanding valve designs with complete 
assurance of dependability, high efficiency in sealing, econo- 
my, and long, trouble-free service life. 


Houghton developed synthetic rubber specifically to pro- 
vide design engineers with ‘‘O”’ rings and packings that 
match the requirements of the newest, most modern valve 
designs. Call on Houghton, too, for specially molded Vix- 
Syn parts and compounds. You'll be served by the same 
packing specialists who set the packing standards industry 
everywhere uses today. 


Ask your Houghton Man for the full story of how Vix-Syn 
takes the problems out of valve design. Call him today— 
or write E. F. Houghton and Co., 303 West Lehigh Ave., 
Philadelphia 33, Pa. 


-+.@ product of 
Ready to give you 
on-the-job service .. . 
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Helicoid Gages 


Long Life and 


enduring accuracy 
is built in! 


® Sustained accuracy of HELICOID Gages 
through years of hard service comes 
from superior design and construction. 

The HELICOID Gage has many unique 
and exclusive features. It is not only a 
pressure instrument of the utmost pre- 
cision but one that requires but a mini- 
mum of maintenance throughout a long 
service life. 

The smooth rotation of the spiral 
movement and cam outlasts and out- 
performs other gage types. There are 
no gear teeth to wear out. 

HELICOID Gages are available to meet 
every type of pressure indicating re- 
quirement. Ranges are from 15 to 20,000 
p.s.i. and vacuum or compound. 


AECO 


Write for catalog today 





Helicoid Gage Division 


2g eer ae 


Why HELICOID Gages 
last longer! 


Socket (1) is one-piece drop 
forging, streamlined to reduce 
possibility of clogging. 
Bourdon tube® (3) is alloy steel, 
stainless steel or K Monel. 


Tube is welded to forged socket 
(2) and tip (4). 

Connecting link and link screws 
(5) are K Monel. 

Helicoid movement (6) is cor- 
rosion resistant. 


* Phosphor bronze tube also 
available. 


AMERICAN CHAIN & CABLE 





929-D Connecticut Avenue + Bridgeport 2, Connecticut 


New Parts and Materials continued 


diametral pitch, ranging from 0.75 
thru 1.5 in. pitch dia. The overall is 
0.562 in., with a choice of 0.1250 o1 
0.1875 in. bore. Center member is 
I'ype 303 stainless steel. Clutch plate 
is bronze. 
lorque setting is attained through 
the use of an adjustable threaded lock 
ing clamp, which can be set to any 
desired torque reading Dynamic 
Gear Co., Inc., 20 Merrick Road, 
Amityville, N. Y. 
For more information 


Circle 77, inside back cover 


Mounting Clip for 
Small Components 


[he clip is pressed by hand into a 
mounting hole in a chassis. The de 
sired component is then snapped 
between the clip’s two curved spring 
fingers where it is held under live 
spring tension. The clip will accom 
modate capacitors or similar com 
ponents with diameters ranging from 
0.375 to 1.500 in. Tinnerman Prod- 
ucts Inc., Cleveland, Ohio. 

For more information 


Circle 78, inside back cover 


Step Valves 


» Of spool type plunger construction, 
force required to press down plunger 


(Continued on page 290) 
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1. By installing the line of Diesel Engines 


Sell more that is backed by world-wide sales, 


: service and parts outlets. 
of your machines . 
« Or by shipping your units— 
to the wom 


without motors—to almost any spot 


WORLD on earth, letting your customer install 
MARK ET one of these diesels (at lower cost to him) 


at destination point! 


Perkins Diesels 

are in use in the 
lowing 118 countries 
and regions: 


Perkins produced over 4,500,00¢ 
brake horsepower in light, hig! 


70 


diesel engines in 1955 
stput went into the world 


The heavy export units you markers sere Perkine Diesel 


produce may be the finest of their ip to 120 B.H.P 
kind. But unless you can guarantee 

adequate service and parts facilities on 

a world-wide scale for the diesel engines 

that power those units, world markets may be hesitant to buy them. 


That is why F. Perkins Ltd. believe they can help you sell more 

export machinery. Perkins not only make a complete line of high speed, 
light weight diesel engines—they have sales, service and parts 

outlets in 106 countries as well! (See list on this page) 


Also, these versatile engines are available to specifications of your own 
engineering department. Deliveries can be made from Sterling sources to you or 
direct to your overseas branches or distributors. 


Perkins maintain an engineering staff in Toronto, Canada to work with your 
company. Simply phone them. They will fly down to discuss applications with you. 
Prototype installations can be made at Toronto or at your plant. 


Make sure of expert diesel service and availability of engine parts for all your export 
units . . . cut shipping costs and assembly headaches .. . 


call Perkin’ Toronto Office today. 


F. PERKINS (CANADA) LTD. 
wholly owned subsidiary of 
F. Perkins Ltd., Peterborough, England 


ADEN 
AFGHANISTAN 
ALGERIA 
ANGOLA 
ARABIA 
ARGENTINA 
AUSTRIA 
AUSTRALIA 
AZORES 
BAHAMAS 


‘BADOS 
BELGIAN CONGO 
BELGIUM 
BERMUDA 
BOLIVIA 
BORNEO 
BRAZIL 
BRIT. CAMEROONS 
BRIT. GUIANA 
BRIT. HONDURAS 
BRIT. N. BORNEO 
BRIT. SOMALILAND 
BURMA 
CANADA 
CEYLON 
CHILE 
CHINA 
COLOMBIA 


CZECHOSLOVAKIA 
DENMARK 
DOMINICA 
ECUADOR 

EIRE 

EGYPT 

FED. MALAY STATES 
FINLAND 

Fisl ISLES 

FRANCE 

FR. CAMEROONS 
FR. EQUAT. AFRICA 
FR. GUINEA 
GERMANY 
GIBRALTAR 

GOLD COAST 


GREECE 
GUATEMALA 
HAITI 
HOLLAND 
HUNGARY 
ICELAND 
INDIA 
INDONESIA 
ITALY 


IRA 

VAMRICA 
JAPAN 

KENYA 
LIBERIA 
LIBYA 
LUXEMBOURG 
MADAGASCAR 
MADEIRA 
MALAYA 


MALTA 
MAURITIUS 


1A 
NORTH RHODESIA 
NORWAY 


NYASALAND 
PAKISTAN 
PALESTINE 


PHILIPPINES 
POLAND 

PORT. GUINEA 
PORTUGAL 
PUERTO RICO 
RUMANIA 
SALVADOR 
SAUDI ARABIA 
SIERRA LEONE 
SINGAPORE 

S. RHODESIA 


TANGANYIKA 
THAILAND 
TRANS JORDAN 
TRINIDAD 
TUNISIA 

TURKEY 

UGANDA 

UNION S. AFRICA 
URUGUAY 
UNITED KINGDOM 
USA 

USSR 
VENEZUELA 

WEST AFRICA 
YUGOSLAVIA 








Being machined above is one of 164 Tripods produced 
and machined by Mahon for use in the world’s largest 
continuous grinding and polishing machine to be employed 
in the production of piate glass. Weldments, in almost any 
type of heavy machinery give you greater strength with 
less weight—and the additional advantages of greater 
rigidity and predictability. If you can use weldments in 
your products, you can turn to Mahon for complete service 
including design, or redesign, fabrication, machining and 
assembling. The parts and assemblies illustrated here are 
typical of thousands of Steel-Weld Fabricated units pro- 
duced by Mahon for manufacturers of processing machinery, 
machine tools, and other types of heavy mechanical equip- 
ment. You, too, will find in the Mahon organization a unique 
and reliable source for welded steel in any form ...a 
source with unusual facilities where design skill and advanced 
fabricating techniques are supplemented by craftsman- 
ship which assures you a finer appearing product 
embodying every advantage of Steel-Weld Fabrication. 
See Sweet's Product Design File for information, or better 
still, have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY «+ Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 
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—— 


learns the profit story 


about 
special-purpose 


papers 


ae 


Do you make special 
papers to protect 
stainless steel? 


tect stainless steel’s mirror-like finish as it is wound into coils. 





“AN What special properties 
, does MOSINEE steel 
interleaving paper 


2 It is free of corrosive and abrasive materials. 
This specialized paper is carefully formed and 
surfaced to avoid marking or scratching. 


Does 
MOSINEE 
make other 
special- 
purpose 


Yes. Mosinee prepares hundreds of special pa- 
pers...and every roll meets exact specifications. 
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1 Yes. Mosinee manufactures a special interleaving paper to pro- 





How can this aiid ae 





An accurately controlled paper is a better insur- 
ance against damaging your product than one 
not specially engineered for this particular purpose. 


For details relating to the added profits possible 
with Mosinee creative papers, fill out 


‘ 4, and mail coupon. 


[ MOSINEE PAPER MILLS COMPANY 
Dept. PE, Mosinee, Wisconsin 


I'd like to know how other companies in our field are 
profiting with creative papers by Mosinee. 


NAME... 
POSITION 

FIRM 

ADDRESS 


ciTY.. ZONE STATE 
Use this space to describe your product 
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HILLIARD CLUTCHES FOR POWER CONTROL DESIGNS 


HILLIARD 


ingle (eovliition CLUTCH 


ACCURATE depend- 
able action through 
millions of cycles. 


POSITIVE motion with- 
out slip or lag. 


$3 lb with increase in line pressur« 
of 30 to 120 psi 
INSTANT in angle to 
ENGAGEMENT RENEWABLE nectors and large diameter air hose 
at any point in the CAM SURFACES Valve bodies are machined from 
the revolution of the without machining or 
driver. new parts. 


Hose nipples are at 
accommodate quick con 


iluminum; plungers are chrome-plated 
steel; caps, plugs and hose nipples are 
brass. Valves can be furnished in 
self-locking 
type, normally closed or normally 
open. Mead Specialties Co., Dept 
SV-44, 4114 N. Knox Ave., Chicago 


anical. 4]. TI] 


either spring return 01 


The Hilliard Single Revolution Clutch is automation because it provides precise 


accurate intermittent motion automatically. Control can be electrical or mech- 


The use of Hilliard Single Revolution Clutches has improved the operation of For more information 


tube straightening and cut-off machines—shears—conveyors—riveting and fast- Gite 79, taille Sack cover 
ening units—case loaders—bottle unscramblers—weighing and packaging—in- 

dexing and feeding—marking—punching—textile and business machines—radar 

apparatus—proportionate pumps—and many other types of mechanisms. 


WRITE TODAY FOR BULLETIN 239 WITH COMPLETE INFORMATION. 
@ OTHER HILLIARD CLUTCHES e 
CONSIDER AUTOMATION - INVESTIGATE THESE PRODUCTS 
HILLIARD - TWIFLEX 


CENTRIFUGAL COUP- 
LING for smooth, easy 


load protection a 


IN CANADA: 


OVER - RUNNING 
CLUTCHES for aute- 
matic instantaneous en- 
gagement and release 
on two speed drives, 
dual drives and ratchet 
or backstop action. 

Ask for Bulletin 231. 


THE 


— to 
So iets, 


be 


MANUFACTURING CLUTCHES FOR 


101 W. FOURTH ST. 


SLIP CLUTCHES for 
overload protection, 
of constant torque and 
to provide constant ten- 
sion and permit speed 
Variation on rewind 
stands. 

Ask for Bulletin 300. 


HILLIARD CORPORATION 


OVER 50 YEARS 


ELMIRA, N. Y. 


UPTON e BRADEEN e JAMES, LTD. 


Electronic 
Proximity Control 


his control detects the presence of 
an insulator or conductor at the detect 
ing point without making contact with 
the surface. It can be used as a limit 
switch which does not require physical 
contact 


The unit 


with the controlling surface. 
in be used as a level control 
yf such materials a sOap, coal, oil as 


(Continued on page 294) 
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SHELL CORE (top section) 
SHELL CORE (bottom section) 
Cope 
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DRAG 


Machining finish formerly required 
on these surfaces now eliminated. 











PROBLEM: To cast these filter plates in one 
piece (26” x 26” sq.) with the thickness of the 
center web held to .310” + .015’. Deviations 
from this tolerance would result in improper 
seating of filter cloths. Normal sand casting 
methods could not produce the required accuracy. 


SOLUTION: To secure the precise dimensions 

required for the inner “web”, Cooper Alloy 

placed a special shell core inside a greensand 

mold. When closed, space between the shells 
provides precisely 
uniform thickness, 
and surface of shell 
assures a superior 
finish. 





5 ed 
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CAST TOLERANCE OF 
+,.015” HELD in stainless steel 


filter plate web 


Costly milling operation now eliminated by 
Cooper Alloy precise-dimension casting. Here’s 
how it cut Tennessee Eastman’s costs. . . 


Today, thanks to Cooper Alloy “Advanced Casting 
Know-How”, this piece, using one of the largest shell 
cores ever made, is being successfully produced in 
quantity by Cooper Alloy. It saves Tennessee Eastman 
hours of machining time and thousands of dollars in 
finished-piece costs. 


Cooper Alloy, a specialist in stainless steel for 35 years, 
is still a pioneer in the development and application of 
new techniques for handling this tricky metal. Next 
time you have a tough problem, and there’s a chance 
that a unique casting method can save time and money, 
talk to Cooper Alloy. 


coopER (3 ALLoY 


Corporation « 


Hillside, New Jersey 


FOUNDRY PRODUCTS DIVISION 


THIRTY-FIVE YEARS OF STAINLESS STEEL PIONEERING 


January, 195 





America’s Future 
Lifeline 
of Travel 


— = 


MAXIMUM POWER 
DELIVERED THROUGH 
EASTMAN 


Maximum power delivery for every 
hydraulic system is the key to efficient 
working power at the point of operation. 
Eastman Hydraulic Hose Assemblies provide 
maximum flow consistent with efficient 
performance, service and safety. 


rouge 
? 5 J os 


PROGRESS AT WORK..HYDRAULICALLY/ ° 


SMOOTHER AND SAFER ROADS 
ARE BEING BUILT FASTER... 
THROUGHOUT AMERICA wit 


HYVORAULIC POWER delivered thru 
EASTMAN HYDRAULIC HOSE ASSEMBLIES |p ror nczcaseo erncency 


IN HYDRAULIC POWER 


ecify EASTMAN 
HYDRAULIC HOSE ASSEMBLIES 


EASTMAN’S NEW “HI-FLO” COUPLING 
DELIVERS A MAXIMUM OF POWER 


tet 


EXCLUSIVE GRIP ADVANTAGES WITH 


Modern Hydraulics will put millions of horsepower 


to work building America’s roads . . . maneuvering r MH 
mighty earth-moving machines with finger-tip ease. 
Grading, ioading, leveling and finishing will be easier, 
more economical—saving time, money and manpower. 


Many Pioneer Manufacturers of modern road 
building equipment have, from the supeaning 
of hydraulics—equipped their machines wit 
Hydraulic Hose Assemblies made by the very 
first pioneer manufacturer in this field — 
EASTMAN of Manitowoc, Wisconsin. 


Eastman’s Continued Leadership has been main- 
tained through advanced engineering and design— 
plus materials and workmanship which are so high 
that they are accepted by many Original Equipment 
Manufacturers as the standard for the industry! 


Eastman Is Geared to supply the critical demand 
for performance-tested Hydraulic Hose Assemblies 
which will more than meet the roughest road building 
construction hazards. Many ’round the clock oper- 
ations will now run into year-’round schedules, and 
Eastman’s new production facilities stand ready to 
provide dependable shipments, service and satisfaction. 


SEE YOU 


INTER-LOCK @® CLAMP COUPLING 
CUT COSTLY “DOWN-TIME” WITH 
EASTMAN RE-USABLE COUPLINGS 


ADAPTERS AND ADAPTER UNIONS, 


STRAIGHT, ANGLED, TEES FOR HOSE 
ASSEMBLIES AND RE-USABLE COUPLINGS 





BULKHEAD “O" RING ADAPTERS, 
HYDRAULIC TUBE FITTTINGS, 

\) UNIONS, ELBOWS, “O" RING 
ADAPTERS AND LOCKNUTS FOR 
ALL HOSE ASSEMBLIES, 

RE-USABLE COUPLINGS 


AT THE ROAD SHOW | 


JAN. 28th-FEB. 2nd 


BOOTH 359, SECTION A 
(Nerth Halt—2nd Floor) 








MANUFACTURING COMPANY 
Dept. PE-1, Manitowoc, Wis. 


WRITE for bulletin to suit your 


needs or send specifications 
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CLEARPRINT 


1S AMERICA’S FINEST. 
TECHNICAL PAPER 


YOU BE THE JUDGE 


Ask for sample sheets to make the 
famous Clearprint test. With this 
convincing two-minute trial be 
will see for yourself why leading 
engineers, architects and designers 


from coast-to-coast insist upon ’ 
Gleewastek for their exighnsl dsanw- THERE’S A CLEARPRINT PAPER FOR EVERY JOB 


ings and permanent records. Tracing Paper ¢ “Papercloth” 
Clearprint Charts 
Make this famous CLEARPRINT TEST Federal Aid Sheets © “Fade-Out” Grid Paper 
1. INVITES PENCIL AND PEN — Try Clear- 
a 2H pencil, then with a ruling pen. 
Lines are sharp and clean — no 
feathery edges. 


NO GHOSTING — Erase some of the C 





lines. Redraw and erase several of 
them repeatedly. Crease the paper, 
too. Then hold it to the light, or make 
a reproduction. Seeing is believing! 
NEVER CHANGES — Sheets in use since 


1932 prove Clearprint’s remarkable T ig Cc H N ICA L PAPE Wo 


stability. Its strength, transparency 


and printing qualities remain un- THERE IS NO SUBSTITUTE — Demand Watermarked Clearprint 
changed after extended exposure to 


age, atmosphere, heat and light. a a ee See 
Make this test, too, on the paper is “7 
you are now using. The difference CLEARPRINT PAPER CO. PE 
will convince you! 1482 - 67th St., Emeryville, Calif. 


LEARP®INT 


0) Please send me Clearprint Paper samples, 


with prices, for the following uses: 





GEEIDG is BELIEVING! .! CS ee 
f | 


Ask your dealer for samples, or send coupon 





Clearprint Paper is 
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SILI-CONE PROVES REAL COOL 
FOR JET AIRCRAFT EQUIPMENT 


APPLICATION: = 
orrier for jet or 


b craft accessories. 
Thermal 





ACUSHNET PROCESS COMPANY 


NEW BEDFORD. MASSACHUSETTS 
e+ Precision Molded Rusper, SILICONES -““APCOTITE” BONDING 
Address all communications to 768 Belleville Ave., New Bedford, Mass. 
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New Parts and Materials continued 


an interface control between tw 
dissimilar fluids. 

Input voltage is 115 v, 60 cps. Lin 
consumption is 25 va, relay capacity 
> amp, 115 v, contact available is 
single-pole, double-throw. Machinery 
Electrification, Inc., Northboro, Mass 

For more information 
Circle 80, inside back cover 


Synchro Accurate to 3 Min 


These units were designed for con 
trol and data transmission systems 
and servo mechanisms. In many in 
stances, they are said to eliminate two 
speed synchro systems. Norden-Ketay 
Corp., Commerce Road, Stamford, 
Conn. 

For more information— 


Circle 81, inside back cover 


Re-rated Motors 


Re-rated to conform with new re 
quirements established by NEMA, 
elimination of “hot spots” is accom 
plished by straight-through, dual-sweep 
ventilation. Tandem fans, one pushing 
and another pulling, produce a wash 


(Continued on page 296) 
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TDA BRAKES 


new “Dp Ni” brake 


...farm equipment 


‘F it rotates 


...special duty utility trailers 
... lightweight highway trailers 


Product 


...industrial machinery 


“DM” DUPLEX 


MECHANICAL BRAKE 


Best on many jobs, this rugged new DM 
Brake actually outperforms more specialized 
brakes. It has proved its worth with farm 
equipment, special duty utility trailers, light 
duty highway trailers, industrial machinery, 
and in a wide variety of special applications. 


Greater torque output! The DM Brake is a 
self-energizing, balanced type . . . the two 
identical shoes do an equal amount of work 
in either forward or reverse direction. 


TIMKEN 
BKAKES 


ROCKWELL SPRING AND AXLE MPANY 


For every industrial, agricultural or automotive 
application where braking is required! 


TDA Plants at: Detroit, Michigan *« Oshkosh, Wisconsin « 


Ashtabula, Kenton and Newark, Ohio * New Castle, Pennsylvania 


C7 
Engineering anuary, 1957 


Utica, New York 


Simpler Maintenance 
and Adjustment! 


The DM Brake is 

wedge-actuated through 

an easily accessible operat- 

ing lever, giving positive brak- 

ing with immediate response. The DM Brake 

can be actuated by either an air or hydraulic 

cylinder, or mechanical means. Complete ac- 

cessibility permits quick, easy adjustment. 

Simple design keeps maintenance and service 
at a minimum. 


Timken-Detroit Brake Division 
Rockwell Spring & Axle Company 
Dept. PE-17, Ashtabula, Ohio 


Please send me further information on your 
Brake 


DM” Series 


Name 
Company 


Address 





Zincitate 


when ordinary protective coatings won't do! 


Zincilate #611 meets all requirements 


In producing power boosters for master brake cylinders, ordinary pro- 
tective coatings just won't do. If the coating is applied before the part 
is machined and fabricated, it breaks down during processing and 
there's no more protection. If it's applied after processing, then there's 
the tedious, costly job of masking off the uncoated areas on each piece. 
Another problem—every power booster must be immersed in diacetone 
to check for leakage—and the ordinary coating simply disappears upon 
contact with diacetone. 

These are the kind of problems that require an outstanding pro- 
tective coating—Zincilate. A quick whisk of a spray gun and each 
power booster is now coated—before machining and fabricating — 
with Zincilate #611 (one of several Zincilate formulations). There's 
no time wasted in masking off, and no amount of processing, even 
including clamping in a vise, will break down Zincilate’s lasting, thor- 
ough protection. And about that testing for leakage—not even diace- 
tone can pry Zincilate #611 loose! 

When results, not mere first cost alone, are paramount, designers 
and producers of the finest metal products turn to Zincilate for the 
solution to protective coating problems. If you'd like more information 
on Zincilate, just outline your problem, on your company letterhead 
please, and we'll tell you frankly just what Zincilate can do for you. 


CORROSION-RESISTANT, 
ABRASION-RESISTANT, 
WELDABLE, AIR-DRIED and 
BAKED PROTECTIVE COATINGS 


VAT OITITE2 


Ewousrriat Mera Prorecrives, Inc., 404 Homestead Ave., Darton 8, On1o0 
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New Parts and Materials... .. . continued 


ing action. Mylar, laminated to rag 
paper, is used as slot cell insulation. 
Removable cover plates on each end 
head permit inspection without dis 
mantling the motor. Numbers are 
permanently impregnated into the sub 
surface of lead insulation. One-piece, 
shrouded end-heads give the motors 
full height protection against moisture 
and falling objects. Internal baffles 
complete the splash-proof construc- 
tion. Factory-installed end-head screens 
are included at no extra cost. Robbins 
& Myers, Inc., Springfield,Ohio 
For more information— 
Circle 82, inside back cover 


Sector Potentiometer 


These potentiometers are designed 
to measure angles from zero to a maxi- 
mum of 90 deg of shaft rotation. 
Accuracy of 0.5 per cent is claimed, 
resolution to 0.10 deg. The instru- 
ments are capable of withstanding up 
to 300 F. Humphrey Inc., 2805 
Canon St., San Diego 6, Calif. 

For more information— 
Circle 83, inside back cover 


Hydraulic and Pneumatic 
Cylinder 


A complete line of § in. bore cyl- 
inders provide single and double 
action. Pressure rating is 150 psi air 
and 750 psi oil. Mounting style avail- 
able includes universal (foot and/or 
flange), clevis, trunnion. Brass heads, 
brass or steel barrels are standard. A 

(Continued on page 298) 
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its WEW! its Revolutionary 
ts Elecholized / 


Oia 


ATLAS ROLLER CHAIN 


CORROSIVE RESISTANT...COSTS 40% LESS 
COMPARATIVE TESTS PROVE IT WEARS 100% LONGER 


Frem coast to coast manufacturers, engineers and trans- 
mission drive specialists are acclaiming this as the most 
revolutionary development in the roller chain field. It meets 
the most exacting requirements of the chemical, food, bev- 
erage and other industries where corrosion resistance is a 
factor. Yet it has been tested and proved to outlast, outrun 
and outwear other chains even though it costs far less. 


HIGHER TENSILE STRENGTH—has same tensile strength as 
alloy steel chain . . . much higher than bronze or stainless 
steel chain. 


LONGER WEARING—actual wear-drive tests prove it lasts 
as much as 100% longer than alloy steel chain. 


STAINPROOF, CORROSIVE RESISTANT—corrosion re- 
sistance is greatly increased in Electrolized Chain and com- 
pares favorably with any other corrosion resistant chain 
now on the market. 


LOWER PRICE—of Atlas Chain makes it as much as 40% 
less in Cost than any other corrosion resistant chain now on 
the market. 


Here’s the chain that makes it possible for you to re- 
evaluate the specifications of your transmission drives. From 
the standpoint of cost, efficiency and longer wear it allows 
you to specify corrosion resistant chain on drives previously 
ruled out due to high cost and short chain life. 

You owe it to your plant to contact your nearest Atlas 
distributor to get the complete story on Atlas Electrolized 
Roller Chain and Sprockets. He can help you attain a new 
standard of efficiency on your transmission drives. 


ATLAS CHAIN AND MANUFACTURING CO. 
West Pittston, Penna. 


GET THIS DATA ON 
ELECTROLIZED CHAIN 


This free brochure tells you in brief question 
and answerform oll abou! Electrolized Chain. 
We're for your copy today. 





EFLO 


* 


SHEET....ROD..... 


TUBING....MOLDED OR MACHINED PARTS? 


YOU CAN GET JUST 
WHAT YOU WANT 


DuPont 
trademark 


Advantages: 


CHEMICAL— Completely inert 


ELECTRICAL—Extremely low power factor 
Very high dielectric strength 


THERMAL—Temperature range 
—300°F. to +500°F. 


MECHANICAL— Strong, flexible 


Weather resistant 


LOWEST COEFFICIENT OF FRICTION 
ABSOLUTELY NON -STICK 


**Made of Teflon by JOHN 
CRANE” has become practically 
a standard specification for parts 
and components subject to severe 
electrical, corrosive, thermal, me- 
chanical or atmospheric abuse. 
Whatever your requirements in 
Tefion . . . sheet, rod, tubing, 
packings, gaskets, bellows, insu- 
lators, sealing discs or non-stick 
parts . .. “John Crane” can 
supply them! 


In addition, you get these impor- 
tant plus factors: complete uni- 
formity throughout, high density 
control, freedom from flawsand rig- 
id adherence to yourspecifications. 


“John Crane’s” complete fabrica- 
tion facilities assure you prompt 
delivery on exactly what you want 
—no compromise. If you have an 
entirely new requirement, no 
standard design or procedure— 
“John Crane’s” laboratory facili- 
ties, know how, research and en- 
gineering experience go to work 
on your particular need. 


Now is a good time to put “John 
Crane’”’ to test. Contact Crane 
Packing Company today. 


Crane Packing Co., 
6445 Oakton St., 
Morton Grove, IIl., 
(Chicago Suburb). 
In Canada: Crane 
Packing Co., Ltd., 
Hamilton, Ont. 





CRANE PACKING COMPANY 





OFFICES IN ALL PRINCIPAL CITIES 


New Parts and Materials continued 


honed stainless steel piston rod and 
chevron rod packing are used. Airoyal 
Co., 1990 Springfield Ave., Maple 
wood, N. ¥ 

For more information 


Circle 84, inside back cover 


Pressure Switches 


Specifically designed for aircraft, 
these switches are for switching elec- 
trical circuits in response to pressure 
changes in gases, liquids and atmos 
phere. They will perform in any 
position 

[The switches are available in two 
sizes; regular size for pressures between 
5 and 150 psi, and miniature size for 
pressures of from 2 to 100 psi, each 
in absolute, gage, or differential as 
specified. Contact ratings are 5 amp 
or 10 amp at 30 v d< or 115 v ac. 
Normal ambient operating tempera- 
ture range is —65 F to 250 F. They 
are hermetically sealed. Bristol Co., 
Waterbury 20, Conn. 

For more information— 


Circle 85, inside back cover 


Single or Double-W ound 
Relays 


Variations in contact arrangements 
ind contact materials are available in 
these relays. Coils available include 
single or double-wound, time delay 
slugs, and special windings for high 
temperature and/or high humidity. 

Armature is fixed to a precision- 
ground stainless steel pin, which turns 


(Continued on page 303) 
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wherever 
you 
add 


“im ‘THEY'LL PREFER STAINLESS! 


it’s a metal they know! 


Sporting goods, jewelry, appliances, fine cutlery — yes, even the car they’re trading in 
all these things have shown them the strength, beauty, permanence, and remarkable 
cleanability of stainless steel. 
You'll like stainless, too. It needs no protective coating. It helps simplify production and 
increases design flexibility through an unmatched combination of advantages — beauty 
(complemented by a wide variety of finishes), fabricating ease, remarkable structural 
strength, and great resistance to all weather conditions. 
Let a Crucible engineer show you how stainless steel pays its way. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa 


CR U C i ” LE} first name in special purpose steels 








Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd, 


Product Engineering — January, 1957 299 





THE POWER-RATED 


SYNCHRON LINE 


A TIMING MOTOR 


=) 


FOR EVERY JOB 





8 IN, OZ. TIMING MOTOR 


Widely used in timing machines, time 
switches, heating and air conditioning 
controls, action signs, recording ther- 
mometers, and other timing devices. Guar- 
onteed to pull 8 in. oz. direct load con- 
tinvously ot 1 r.p.m. 


20 IN. OZ. TIMING MOTOR 


Ideal for timing motor applications re- 
quiring continvovs high torque power. 
Instant starting, dependable accuracy, 
and flexible installation. Call for Syn- 
chron's guaranteed 20 in. oz. at 1 r.p.m. 
power when your job calls for long, con- 
tinvous torque. 


1 R.P.H. TIMING MOTOR 


Guaranteed to pull 20 in. oz. at 1 r.p.h. 
(1/60 r.p.m.) Synchron'’s especially 
developed motor for slow motion timing 
applications. Eliminates need for extra re- 
duction gears between 1 r.p.m. and 1 
r.p.h. in intermittent time trains. Gives 
gear train with lifetime lubrication; en- 
closed and trouble-free. 








SYNCHRON TIMING MACHINES 


An almost u:limited number of shaft 
speeds. Synchron Motor fixed to a rigid 
frame. Easy to mount and connect in any 
position. Trouble-free, accurate. Drives 
everything from liquid recorders to pro- 
gram clocks and washing machine timers. 
Highlights complete versatility of famed 
Synchron Line. 





SYNCHRON CLOCK MOVEMENTS 


For standard and office clocks, sign 
clocks, novelty clocks, and clocks of all 
kinds up to 26” in diameter under glass. 
Split-second accuracy and long wearing 
construction, mever needs oiling. Fur- 
nished with front, rear or bottom set, 
with or without dustproof case. 





&) 


h" “Workhorse of the (ndustry” 


MAGNA-TORC D.C. MOTOR 


Designed originally for use in aircraft in- 
struments and radio control mechanisms. 
During World War Two the Hansen 
Magna-Tore proved its rugged depend- 
ability in all altitudes and in all climatic 
conditions. Now this motor is ”* being 
adapted to many commercial opplica- 
tions. 


*Synchron synchronous motors operate smoothly, evenly in any position; at 
temperatures from —40° to +-140°F.; start instantly under load; pull up 
to 20 in. oz. at | RPM. Available in 42 speeds from 0.8 RPM to 600 RPM. 


Synchron timing motors in all speeds available for prompt delivery 


en oe 


SYNCHRONOUS MOTORS, TIMING MACHINES, 
CLOCK MOVEMENTS, MAGNATORC D.C. MOTORS 


SYWEHWON” 


HANSEN MFG. CO., INC. A 


OuR SOTH YEAR 


wan 








Princeton 5, Indiana 


HANSEN REPRESENTATIVES: The Fromm Co., 5254 W. Madison St., Chicago, Ill. R. H. Winslow Assoc., 123 E. 37th St., New York, N. Y. Electric 
Motor Engineering, inc., 8255 Beverly Bivd., Los Angeles 48, Cal. and 3907 Lyon Ave., Oakland, Cal. H. C. Johnson Agencies, Inc., Rochester, 
Buffalo, Syracuse, Binghamton, New York. 
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SEE HOW FASY THEY SLIP ON, AND OFF! 
Tapered (non-threaded) CaPlugs can be used as caps or 
plugs, inside or outside of threaded or plain fittings. 
Threaded styles are knurled to spin on or off with ease. 
Costing less to buy, they cost less to apply. 


SEE HOW THEY WITHSTAND ACIDS, SOL- 
VENTS, HEAT AND COLD...and keep out dust 
and moisture, too. Dunk a CaPlugged product in any solu- 
tion. Subject it to actual process conditions and temperatures. 
Made of tough, flexible Polyethylene, CaPlugs are imper- 
vious to most common chemical reagents, acids and solvents 


.-- retain form stability under stress at temperatures from 
-94°F. up to 175°F. 


L 


SEE HOW TOUGH THEY ARE. For proof, drop a 
product on its CaPlug...top it with a mallet...or make a 
trial shipment of parts with CaPlugs applied. You'll find 
that these versatile closures provide “kid-glove” protection 
and will not collapse, chip, break or shred under the most 
severe of conditions. 


SEE HOW EASY IT IS TO GET CaPlugs THAT 


FIT. By mailing the coupon, you'll receive a free sample 
of each of the ten different styles which are available in a 
combined total of over 300 stock sizes. There's a CaPlug 
that’s right for practically any closure need. You name it! 
*Off-the-shelf” deliveries from a 30,000,000 inventory can 


be made to answer immediate requirements promptly. 
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see how CaPlugs can 
protect your products — 


(IN PROCESS, TRA 


assort 


YOU'RE INVITED TO TEST CaPlugs in any 
way you choose. The coupon below will bring a random 
assortment to your desk...plus illustrated literature, com- 
plete details and prices. Reasonable quantities of addi- 
tional samples in specific sizes for testing are also yours 
for the asking (details in literature). 


MAIL THIS COUPON FOR FREE BOX 
OF CAPLUGS, DETAILS AND PRICES 


CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC. 
2205-9 Elmwood Ave., Buffalo 23, N. Y. 


RUSH a free assortment of CaPlugs, literature and prices to us, 
without obligation. 


NAME 
FIRM 
ADDRESS 


city ZONE STATE 
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SIMPLIFY DESIGN, GAIN SUPERIOR STRENGTH! 


Specify Hunter Douglas Aluminum Impacts 


Hunter Douglas Aluminum Impacts are 
solving a lot of important design prob- 
lems in all types of industry. Here are 
quick answers to everyday questions. 


HOW DO IMPACTS DIFFER FROM COLD 
FORGINGS? Basically, only in material 
used. “IMPACT EXTRUSIONS” are 
thin walled components extruded from 
2S or soft material. “COLD FORG- 
INGS” are thick walled shapes made 
from heat treatable aluminum alloys. 
For simplicity, we'll consider both 
synonymously. 


HIGH STRENGTH— You will find all the 
properties of forged structures in im- 
pacts—exceedingly dense, fine grain, 
strength and toughness with unusual 
freedom from porosity and internal 
flaws...a natural for high pressure 
applications, either gas or liquid. In 
impact extrusions, flow lines actually 
follow part contours, adding extra 
strength. Often strength is satisfactory 
as extruded, without subsequent heat 
treatment. Our new alloy, HDX, gives 
tensiles as high as 85,000 psi with min- 
imum yield strength of 80,000 psi for 
highly stressed applications. 


GREATER SIMPLICITY —Complicated mul- 
tiple piece assemblies can often be re- 
placed with a single impact. An integral 


impact eliminates mechanical and/or 
welded joints and results in a smooth 
surface, unbroken by seams. 


MORE DESIGN FLEXIBILITY — Generally, we 
can put extra metal where it’s needed 
or thin up sections where required... 
like making bottoms of cans thicker 
than walls, adding integrally forged 
cavities or bosses of any shape, internal 
or external. Fluted or ribbed sidewalls, 
either decorative or functional, are 
easily produced by impact extrusions. 


TOLERANCES—Hunter Douglas shines on 
accuracy...holds tolerances as close as 
+.005” on specific diameters and 
matches screw machine tolerances on 
wall thicknesses. 


ZERO DRAFT—If you want straight, uni- 
formly thick sidewalls, Hunter Douglas 
Impacts are for you. Zero draft cuts all 
unnecessary machining and reduces 
metal waste. Impacts usually require 
only trimming, drilling, tapping or 
minor clean-up. 


SMOOTH, BRIGHT SURFACES— There's no 
scale or rust and surfaces range up to 
125 microinches, as extruded... plenty 


Hunter Douglas 


smooth for lithographing or painting 
without secondary finishing. Real daz- 
zlers result by polishing, satin finishing 
or anodizing. For extra wear or corro- 
sion resistance anodizing is the answer. 


UNLIMITED PART GEOMETRY—\Ve ve made 
impacts round, square, rectangular, tri- 
angular, octagonal and most other 
shapes. We do best if parts are sym- 
metrical along the center axis, but good 
tooling often solves even a tough de- 
sign problem. A sketch will enable us 
to advise or suggest means to an end. 


WHERE TO USE IMPACTS— Here are rule- 
of-thumb considerations: hollow parts 
with one closed end; walls or surfaces 
of zero draft; lengths of 6 to 8 times 
O.D.; strength of hammered or pressed 
forgings; integral ribs, bosses or webs; 
tolerances of +.005”; typical surface 
finishes of 125 microinches; concentric, 
multiple diameters. 


WE'D LIKE TO HELP — 
Our booklet gives valuable 
impact and cold forging in- 
formation and our engineers 
are eager to advise. Simply 
write on your letterhead 
we'll do the rest. 


Aluminum Corporation 


HUNTER DOUGLAS ALUMINUM CORPORATION «+ DEPT. PE-1, RIVERSIDE, CALIFORNIA + TELEPHONE OVerland 3-3030 
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New Parts and Materials continued 


in a reamed bronze yoke extending 
the full width of the relay 


ture backstop is stainless steel for 


Uhe arma 


maximum strength and rigidity. Phil 
lips Control Corp., Joliet, Ill 
For more information 


Circle 86, inside back cover 


oe 
Pillow Blocks 


Chis line of pillow blocks, flange 
units and take ups is 
normal and medium duty series from 
4 to 4 in. Rockwood Pulley Mfg. Co., 
Inc., 20 Crosby St., New York 13, 
N. Y. 


available in 


For more information 
Circle 87, inside back cover 


ot 
Terminal Blocks 


A channel-mounted terminal block 
is said to provide 50 per cent more 
terminals in the same space. These 
blocks are 25 amp box lug-type ter- 
minals. Also available in the new de- 
sign are 25 amp 
pressure wire connectors and 50 amp 
box lug terminals. All three types may 
be grouped in any manner on the 


terminals with 


(Continued on page 306) 
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HAGEN 
Cynchronous motors 


most powerful for its size 


Laminated rotor construction of the Model 50 Hagen Motor 
produces exceptionally high torque. For example, the rotor 
develops 10 ounce inches torque at 4 RPM. This motor is ideal 
for those applications requiring from 5 to 10 times the power 
of clo« k-type miniature motors. Yet in spite of its power, the 


motor is extremely compact: 


DIMENSIONS 

50 to 60 cycle 
3-3/32 
1-13/32 





25 cycle 
3-1/16 
1-23/32 

















Just a few of the many possibilities for use are: door chimes, 
Jaundry timers, depth finders, animated displays, heating cone 
trols, program clocks, fire alarm systems, integrators, time 
switches, chart drives, scoreboards, potentiometer drives. Motor 
may be mounted in any position. Wide selection of output 
speeds from 1800 to 1/6th RPM. Reversible and other models 


available. Send coupon for Bulletin No. 1055. 


MAIL COUPON TODAY 





Dept. PE-157, Moline, Illinois 


Motors. 








HAGEN MANUFACTURING COMPANY, INC. 


Please send Bulletin 1055 on Hagen Synchronous 


NICHOLSON 


moo 300 


“4-way” control valve 


Versatile flat-disc type valve is drop-tight 
... provides sensitive throttling action for 
a variety of rugged control applications. 


If you need precise, repeatable control of double-acting 
cylinder-actuated mechanisms... you’ll want to try this new 
advanced-design valve. Ruggedly constructed of a combination 
of corrosion-resistant materials, it can be used with air, water, 
gas and oil. Check its features, send for literature. 


Outstanding features: 


Send for your copy of new Trapezoidal ports for modulated throttling. 
Bulletin 300 . . . for details on One-shot lubrication, reservoir in base. 
design, construction, sizes ond Leak-proof O-ring packing and seal. 
ena Easily adapted to single cylinder control. 
Low maintenance, easily disassembled. 
Simple, reversible mounting clamp and lugs. 











VALVES * TRAPS * FLOATS * METAL PARTITIONS + LAUNDRY, 
DRY CLEANING, AND PRESSING MACHINERY + HOSPITAL CUBICLES 


14 OREGON STREET, WILKES-BARRE, PA. - SALES AND ENGINEERING OFFICES IN 98 PRINCIPAL CITIES 
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fOr whi, wen 


An International UD-18A powers the cyclone dust collector and a UD-1091 
operates the dryer in this Barber-Greene Model 848 bituminous plant 
owned by Hallet Construction Company, Ames, lowa. 


me i 


Rock County, Wisconsin, is now in the paving business with this Barber- 
Greene Model 848 Trave! plant. Towing loader uses an International 
UD-350 and the mixer uses a UD-18A. 


100% International power units and trucks is the rule for Hazelmore 
Bituminous Co., Fairmont, Minn. Their Barber-Greene Model 848 contin- 
vous-mix plant is powered by a UD-18A and a VD-24., 


rout 
¢ wae 
te 


ee 


..» WHY specify 


International 
Power Units 


for bituminous plants? 


These owners of Barber-Greene bituminous plants and 
pavers would give you these hard dollar reasons: 
Internationals have more features that pay off in lower 
production costs—and unsurpassed parts and service 
support for your convenience. 


Economical? You bet, with a clean-burning exclusive 
injection and combustion system...a 45° angle of in- 
jection...new open-face single-orifice nozzles that give 
thousands of hours of coke-free operation. 


Weather-proof? Definitely, with seconds-fast all- 
weather gasoline-conversion starting...full-flow filtering 
of all fuel, lube oil and air. 


Dependable? Sure thing, with such features as tocco 
hardened crankshaft journals, precision insert bearings 
and replaceable hardened sleeves. 


Heavy-duty? That’s the only type of engine 
International has built in 55 years. And the positive- 
type valve rotators that make valve grinding such an 
infrequent need is just one of the famous IH long life 
features that have helped sell more than 400,000 diesels. 


For more information, just see your easy-to-locate 
International Power Unit Distributor or Dealer. He'll 
provide proof you can specify and get an adaptable 
International power unit that’s exactly right for your 
new or used machine. So be sure of profitable power for 
a long time to come by specifying Internationals for all 
of your driven machines. 


Even in Dijakarta, Indonesia, the preference is for International power 
units. Here a UD-6 powers the government-owned Barber-Greene Model 
879-A Finisher. 


INTERNATIONAL 


CONSTRUCTION 
EQUIPMENT 


International Harvester Co., 180 N. Michigan Avenue, Chicage 1, Illinois 


A COMPLETE POWER PACKAGE INCLUDING; Crawler, Wheel, and Side-Boom Tractors 
Self-Propelied Scrapers and Bottom-Dumps Crawler and Rubber-Tired Looders... 
Off-Highway Trucks... Diesel and Carbureted Engines... Motor Trucks. 





“oe 


--- SINTERED 
POWDERED METAL 
BEARINGS and PARTS 


The newest facilities for the 
production of bearings and parts 
made of Sintered Powdered Metal 
and Cast Bronze Alloys are offered to 
designer, engineer and machinery 
manufacturer by The Bunting 

Brass and Bronze Company. 


ou = — 
—— 





Bunting resources, 
reputation and responsibility 
together with a complete 
new plant and modern 
equipment provide Sintered 
Powdered Metal products 

at a high point of quality 
and precision. 


‘Bunting Engineering is 
available without cost or 
obligation to all. Write 
for new Bunting 
Engineering Hand Book. 
24 pages packed with new 
ra ae data on 


powdered metal \ (aa 
manufacture an 
application. 


Sintered Plain and Flange Bearings, Solid and Tubular Bars and 
Thrust Bearings, Cast Bronze Plain Bearings and Bars are avail- 
able from stock in a wide range of sizes. Quotations for special 
bearings or special parts will be sent promptly on receipt of prints. 


Bunting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company «+ Toledo 1, Ohie + Branches in Principal Cities 
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ime channel. Square D Co., 404] 
N. Richards St., Milwaukee 12, Wi 
For more information 

Circle 88, inside back cover 


Panel Raceways 


hese raceways are said to eliminate 
wire bundling and lacing, reduce work 
and copper loss. The design provides 
slots, instead of holes. Wires with 
terminals can readily be passed through 
the slots. Arrangement of the wire 
slots permits wiring to leave the chan- 
nel on the same plane as the destina- 
tion terminal. 

A phenolic compound is used for 
the channels that is not affected by 
normal high temperatures encountered 
in control panels. Sizes from 1 x | in. 
to 4 x 4 in. available from stock. 
Stahlin Brothers, Inc., 487 Maple St., 
Belding, Mich. 

For more information— 


Circle 89, inside back cover 


Molded Variable Resistors 


\ 5-w molded composition variable 
resistor suited to industrial electronic 
applications has a solid-molded resist 
ance element. The control has a maxi- 
mum d-c working voltage of 750 v, 


(Continued on page 310) 
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Product Engineering 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


January, 1957 


MOTORS 


Army tank ventilating 
blower motor. 


Motor parts for 
portable electric tools. 


Motor for air 
conditioning applications. 


Motor for de-icer 
metering pump. 





Blaw-Knox Bituminous Paver Finisher 


200 tons an hour 
is laying alot 
of pavement and 


Jeffrey chain helps! 


That’s 48 lineal feet per minute... the pace maintained 
by this Blaw-Knox paver finisher on an airbase in 
Florida. Two Jeffrey chain conveyors carry the asphalt 
from the 10-ton hopper to the gates and screed, which 
assure smooth spreading even at this high speed. 


You'll find Jeffrey chain on many manufacturers’ 
products. It powers main and auxiliary drives, or serves 
on conveyors feeding materials into and out of their 
machines. Jeffrey chain is put there because these 
companies know they can depend on its accuracy 
and high quality. Good reasons for your asking for 
Jeffrey chain, too! 


Whatever your power transmission or conveying 
problem, it will pay you to ask the nearby Jeffrey 
distributor for his recommendations. Or write The 
Jeffrey Manufacturing Company, Columbus 16, Ohio. 


308 


One of the two Jeffrey chain conveyors which keeps asphalt 
moving through this machine. 


sennt,s 


(MJEFFREY 


CONVEYING © PROCESSING ¢ MINING EQUIPMENT 
TRANSMISSION MACHINERY @ CONTRACT MANUFACTURING 


Product Engineering - January, 1957 





From 5 basic models you get 10 standard relays 
with the new CLARK Type “PM” Relay line 


SECTIONAL POLE CONSTRUCTION —«a new design concept for relays 

— provides units with 2 to 12 poles, with the greatest variety of combinations 

and pole arrangements available in an integrated 10-ampere line, and with 

is a minimum of different parts to stock. Extra poles are available in kit form 

The 5 Basic Models — assembled either normally open or closed. Coils and complete magnet 
assemblies are also available in kit form. Stocking of coils is simplified since 

one coil for a given voltage will handle any combination of 2, 3 or 4 poles 

normally open or closed, and for el relays is correspondingly simple. 


No. 5U-4 
Basic 
4-Pole 


By removing one or two poles, 
the standard 4-pole unit be- 
comes a 2 or 3-pole relay. 


2-POLE 3-POLE 4-POLE 





By adding 2 poles next to 
No. 5U-6 magnet, the standard 6-pole 

relay becomes an 8-pole unit 
Basic ; —the first 8-pole relay avail- 
6-Poile o i able for single deck wiring. 





No. 5UK-8 


Basic . ro Son he : By removing 2 poles from the 
— o¥ double-decked 8-pole relay, 

8-Pole ’ : you get an alternate 6-pole 
of double-deck construction 


8-POLE 


Double-decked 





No. 5U-12 


Basic 
12-Pole 


With 2 poles removed, the 12- 
pole unit becomes the standard 
10-pole relay. Both have iden- 
tical mounting dimensions with 
NEMA standard size | starters. 


a ee | 
a ; a -a@ 
a a 


10-POLE 12-POLE 





2-POLE “SPACE SAVER”—a special purpose relay designed exclusively to 
meet small or unusual space requirements. Overall height less than 3 inches. 


2-Pole Write for 8-page illustrated Bulletin PL-7305 for complete 


information on this revolutionary new line of heavy- 
duty relays. Or contact your nearest Clark Distributor. 


Vee CLARK € CONTROLLER Compare 


Everything Under Control 1146 East 152nd Street . . Cleveland 10, — 


IN CANADA: CANADIAN we ante e MAIN OFFICES AND PLANT, TORONTO 










































































..- STERLING ELECTRIC 


STERLING SPEED-TROL 
VARIABLE SPEED MOTORS 


STERLING SLO-SPEED 
GEAR MOTORS 


STERLING CONSTANT 
NORMAL SPEED MOTORS 


STERLING MULTI-MOUNT 
SPEED REDUCERS 


See Oe ee 


POWER DRIVES 


Machinery manufacturers and users 
in virtually every industry report out- 
standing performance achievements 
with Sterling Electric Power Drives 
... achievements in greater produc- 
tivity, in greater machine versatility, 
in lower maintenance cost, in rugged 
dependability...achievements that give 
dollars and cents proof that Sterling 
Electric Power Drives can make the 
big difference between average and 
optimum productivity of your 
machinery and equipment. 


Write today for Bulletin 

No. 185. Discover the big 
advantages Sterling Electric 
Power Drives can bring 


to your plant. 


Sterling offers a wide range of Electric 
Power Drives of advanced design — 
variable or constant speed—with man- 
ual or automatic controls. 


TERLING 


SSS e See beh eek a 


innati 37 « New York 51 
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a resistance range of 50 ohm to 2 meg 
ohm, and will operate effectively be 
tween temperatures of —55 c and 
120 c. Allen-Bradley Co., 136 W 
Greenfield Ave., Milwaukee 4, Wis. 
For more information— 


Circle 90, inside back cover 


Relief and Back Pressure 
Valves 


These relief and back pressure valves 
can be used at pressures to 1500 psi 
and temperatures to 250 F. 
valves are protected by Kel-F thermo 
plastic diaphragms. Available in stand 
ard 4, 4, ? and 1 im. sizes. Valve 
bodies are cast steel, 316 stainless steel, 
Carpenter 20 or Hastelloy C. Milton 
Roy Co., 1300 E. Mermaid Lane, 
Philadelphia 18, Pa. 


For more information— 


These 


Circle 91, inside back cover 


Cycle Timer 


A timer for controlling on-off cycles 
of 10 sec to 12 min is recommended 
for use on ventilating fans, pumps, 
process timings, and other industrial 
uses requiring flexible operation. “On” 
operations may range from 10 sec to 
11 min-10 sec. “Off” operations may 
be as short as 50 sec to 11 min-50 sec. 
Actually, the time dial will accommo- 
date up to 12 sets of on-off trippers. 
This makes the unit infinitely adjust- 
able through 90 percent of its 12 min 
range. 

The unit measures 64 x 5 x 3 in 
deep. Presently, it is only available for 

(Continued on page 314) 
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UNIVERSITY OF 


Can you help add 


to these achievements? 


CALIFORNIA RADIATION 


These accomplishments in pure and applied science are 
widely known. To this impressive list, scientists and 


engineers at the Laboratory’s Livermore site are making equally 
important contributions in the fields of nuclear weapons design, 


nuclear rocket propulsion, controlled thermonuclear energy 
(Project Sherwood) and high current accelerators. 


What you can do to help add to these accomplishments is 
limited only by yourself—your ability and your interest. 


For the University of California Radiation Laboratory is 
managed and directed by outstanding scientists and engineers. 


These men are your “team-mates”... offering pioneering 
knowledge of the nuclear field and the newest, most 
expansive laboratory facilities. Here—where new ideas 
and techniques are traditional—initiative is constantly 


encouraged and developed. 


TRONICS ENGINEER, you may be in- 

volved in a project in any one of 
many interesting fields, as a basic 
member of the task force assigned each 
research problem. Your major contribu- 
tion will be to design and test the nec- 
essary equipment, which calls for skill 
at improvising and the requisite imagi- 
nativeness to solve a broad scope of con- 
sistently unfamiliar and novel problems 


|: YOU are a2 MECHANICAL OF ELEC- 


If you are a CHEMIST OF CHEMICAL 
ENGINEER, you will work on investiga- 
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob- 
lems of nuclear rocket propulsion, 
weapons and reactors. 


If you are a PHYSICIST Of MATHEMA- 
TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
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photography (including work in the 
new field of shock hydrodynamics), 
reaction history, critical assembly, 
nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 


LABORATORY 


BERKELEY 
LIVERMORE 


The synchrotron 


The proton 
linear accelerator 


The Bevatron 


Electromagnetic 
separation of 
uvranium-235 


Discovery of plutonium 
and many other 
transuranium elements 


Discovery of 
URANIUM-233 
TRITIUM 
CARBON -14 
IRON -59 
IODINE-131 


Discovery of 
the antiproton 
and antineutron 


Artificial production 
of mesons 


findings in the open literature. 

And for your family—there’s pleas- 
ant living to be had in Northern Cali- 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac- 
tions of the San Francisco Bay Area. 


You can help develop 
tomorrow— at UCRL today 
Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 

can enjoy. 


DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 


LIVERMORE, CALIFORNIA 


Please send me complete information describing UCRL facilities, 


projects and opportunities. 


My specialty is 





My degree(s) are— 





Name. 





Address 





City 


Zone State 
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M-R-C Ball Bearings are used today in many 
leading machine tool spindles operating success- 
fully at 100,000 RPM and over. 


The illustration above is an example of a 
successful application of M-R-C SUPER- 
PRECISION bearings. This grinder spindle 
requires the highest degree of accuracy and 
long life obtainable only with M-R-C SUPER- 
PRECISION. 


Still higher standards have been made pos- 
sible by the facilities of our new SUPER- 
PRECISION plant devoted exclusively to this 
type bearing. 


There is a M-R-C Ball Bearing for every machine 
tool application requiring accuracy and long life. 


Consult OUR Engineering Department 
on YOUR bearing problems 


MARLIN-ROCKWELL CORPORATION 


Executive Offices: Jamestown, N.Y. 
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for better FORGING PRODUCTION! 


Sharon Open Hearth Quality Forging also a prime supplier of billets, blooms 


Ingots — now available in Carbon and and slabs — to customer specifications — 


‘ : , in Stainless and Alloy grades. For prices 
Alloy grades, with ingot weights up to 756 : 


; : iggy A contact the Sharon Steel Corporation, 
109,000 pounds. Sharon Electric Furnace 


Forging and Semi-Finished Steel Sales 
Quality Ingots — Stainless and Alloy Department — or one of the district sales 


grades, up to 50,000 pounds. e Sharon is offices listed below. 


SHARON STEEL CORPORATION Shaw, Peanylania 


DISTRICT SALES OFFICES: Cuicaco, Crncrnnati, CLEVELAND, Dayton, Derrorr, Granp RApips, 
INDIANAPOLIS, Los ANGELES, Mit wauker, New YORK, PHILADELPHIA, RocnesteR, SAN FRANCISCO, 
SHARON, SEATTLE, MONTREAL, QuE., ToRONTO, ONT. 
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"BRAIN-SHRINKING" 


FOR ELECTRONIC 
SYSTEMS 
E 


NEOMITE 
RELAY 


Contact Resistance 


Coil Operating 


Specifications 


Vibration Resistance 
( 
Shock 





ACTUAL SIZE 
09 o e st 


ELECTRONICS 
DIVISION 


ELGIN NATIONAL WATCH COMPANY 
Elgin, [illinois 








125 v operation, with a capacity of 
1875 w. International Register Co., 
2624 W. Washington Blvd., Chicago 
12, Il. 





Foi more information 


Circle 92, inside back cover | 


Stainless Steel Clamp 


Temperatures as high as 1500 F are 
withstood by this stainless steel cush- | 
ion clamp. The cushion is corrugated 
to furnish a spring action for high | 
frequency, low amplitude vibration 
The clamp is available in sizes from | 
+ to 3 in. ID. TA Mfg. Corp., 4607 | 
Alger St., Los Angeles 39, Calif 

For more information 


Circle 93, inside back cover | 


Vernier Potentiometer 


A single knob operates either of two 
resistance decades or the interpolating 
potentiometer. Simply push or pull 
the knob and read out the number as 
the knob is turned 
nated. 


Parallax is elimi- 
Three turns of the knob cover 
the full range. 





Che unit mounts similar to a square- 


| 
(Continued on page 317) 


VIKING 


Here’s the answer to your problem 
of moving semi-solid materials of 
types usually dispensed in squeeze 
tubes. With Vikings you can pump 
such materials as tooth paste, 
shaving cream, petroleum jelly 
and many others, in a smooth, 
even flow. Hundreds of plants 
are doing it. 

Viking’s simple, rugged “gear 
within a gear” principle makes it 
adaptable to most pumping needs. 
There are 750 catalogued models 
and thousands of specially built 
pumps and units. If you have a 
pumping problem, call on Viking 
Pumps for assistance. Ask for bul- 


letin 57Sx. 


VIKING PUMP CO. 


Cedar Falls, lowa, U.S.A. 


In Canada, it's "ROTO-KING” pumps 
SEE OUR CATALOG IN SWEETS 
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stainless steel. 


safeguards the purity 
of your dairy products 


Dairymen and milk-product plant operators know that Stain- 
less Steel is the only metal that year after year effectively 
resists acid corrosion. It can easily be kept clean and sterile 
and imparts no odor in contact with the product. 


Through all the stages of milking, transportation, processing 
and packaging Stainless Steel completely safeguards the deli- 
cate flavor and highly sensitive qualities of milk and cream, and 
milk products like butter, cheese, ice cream and powdered milk. 
The delicious taste of your dairy products and the assurance of 
their purity is due to the dairyman’s extreme care and scientific 
methods and the use of Stainless Steel equipment. 





Mc LOUTH 


STAINLESS 
STEEL 


For the product you make today and the product 
you plan for tomorrow specify McLlouth high 


quality sheet and strip Stainless Steel 


McLoutuH Steer CorPORATION DETROIT, MICHIGAN e MANUFACTURERS OF STAINLESS AND CARBON STEELS 





Announcing a CUSTOMIZED 


SUBMERSIBLE MOTOR 


e that fits in a small-diameter casing 
e that gives you high output 
e that runs in water, oil or other fluids 


Look at typical features of a J&H Underwater Motor 


1 Rotary Seal—Ceramic and graphitar faces, 


j | carefully lapped to insure against entry of 


water and contaminants. 


2 Encapsulated Windings—A special J&H 
epoxy compound is used for “potting.”’ Epoxy 
has exceptional heat conductivity and does 
not buckle or swell under many abnormal 
conditions. “Potting” prevents winding fail- 
ure, even if water enters motor. In fact, motor 
will operate as water-filled unit. 


3 Corrosion-resistant Epoxy Paint Finish. 


4 Segmented Tilting-shoe Self-aligning Thrust 
Assembly—Ample reserve thrust carrying 
capacity is provided. Faces accurately lapped 
for long wear. 


& Oil-filled Motor—A large reservoir of oil 
provides additional dielectric strength, in- 
sures longer seal and bearing life, protection 
against corrosion. 





6 Controlled Pressure System—Diaphragm and 
spring assembly insures an internal pressure 
sufficient to prevent infiltration by external 
contaminants, which could occur with normal 
seal wear. 








@ L/D Ratio To Su‘t—Length/diameter ratio 
can be varied to fit casing, tank, pipeline or 
other designated location, 


Whether you're pumping water, crude oil, gasoline 
or other fluids, your motor need can be met quickly 
by Jack & Heintz! 


Retaining the size flexibility and long service life features of the 
underwater motors, J&H designers have already developed modifica- 
tions for operation in crude oil, gasoline and other fluids. Customizing 
any of the proved basic designs to meet your specific needs is only 
a matter of defining your service and dimensional requirements. 


SEND FOR DATA TODAY 
= 





if 
t 


- 
t- 7) 
lin 
BWR 


Confer with J&H motor specialists or write for 
folder which gives rating and performance 
data: Jack & Heintz, Inc., 17627 Broadway, 
Cleveland 1, Ohio. 


WI 


Back & HEINTZ CUSTOMIZED ELECTRIC MOTORS 
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New Parts and Materials continued 


cased panel meter and matches the 
regular 3-in. meter in size and shape, 
except for depth behind the panel. 
This voltage divider has an input 
resistance of 10,000 chm, + 0.01 per 
cent, resolution of 0.002 per cent and 
is rated at 5 w. Research Instrument 
Co., P. O. Box 9168, Portland 16, Ore. 

For more information— 


Circle 94, inside back cover 


It’s designed and built the 
way you would do it for 


icient liquid flow! 


abee 


Glance at this exploded view of the 


INGERSOLL-RAND 


mMOTORRPUMP 


Miniature Time Delay Relay 


Models are available with relay 
periods from 0.1 to 5 sec. Size is 
1x 1x 14 in. Weight is less than 
2 oz. Both d-c and ac models are 
offered; d-c inputs from 28 v to 150 
v., a-c from 26 to 115 v at 60 cps to 
400 cps. ‘Tempo Instrument Co., 
5 Centre St., Hempstead, N. Y. 

For more information— 


Circle 95, inside back cover 


Potentiometer in 
Locking Bushing 


rhis unit is essentially a locking 
bushing with a potentiometer built 
inside. Rather than affixing a locking 
device to a potentiometer housing for 
the purpose of locking the potenti 
ometer shaft, this unit has been de- 


(Continued on page 320) 
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Now you have an idea of the clean-cut simplicity of its effi- 
cient design. It’s the design that gives continuous full-load 
capacity—the reason I-R Motorpumps have been out in front 
over the years. 

They're compact — valuable space is saved. Durable — low 
maintenance is assured. And because you can specify Motor- 
pumps which operate in any position your design problems 
are greatly simplified. 

Moreover, the Motorpump line is so complete that you can 
specify anywhere from % hp to a powerful 75 hp size. . 
5 to 2800 gpm .. . by standardizing on I-R! 

If you are not familiar with the full line of centrifugal, circu- 
lating and coolant Motorpumps, we'll be glad to send you 
our latest catalogs. Write today. 


11 Broadway, New York 4, N. Y. 


[FR] Ingersoll-Rand 





Copyflex Machines and Sensitized Materials 


ADD MANPOWER TO 
YOUR DRAFTING ROOM 


Modern Reproduction Machines, Materials, and Techniques Cut 


The boom in production means more pressure than 
ever for engineering prints and drawings. Now, more 
than ever, is the time to (1) replace that old, inade- 
—— reproduction unit with a modern, efficient 

opyflex machine and (2) capitalize on the many 
drafting shortcuts made possible by Copyflex repro- 
duction machines and s¢nsitized sbee = 


Six New, Advanced Machines: In just the past 18 
months Bruning has introduced six new, greatly im- 
roved models—five of which are shown at right. 
hey bring you not only faster reproduction but a 
host of design improvements that will boost your 
drafting room output sharply. One of these six new 


machines will surely meet your exact requirements. 


Slash Re-Drafting Time: Your Copyflex machine is 
more than a means of making conventional opaque 
prints of finished drawings—it can also help you in 
your actual a operations. In many cases 
involving the re-working of existing drawings, for 
instance, it can save you up to 90% in tracing time 
through the use of translucent prints (“‘intermedi- 
ates”) made on film, cloth, or low-cost paper. Con- 
sider how much of your drafting is devoted to design 
changes, changes in standards, and similar alterations 
and you'll see why adding Copyflex to your produc- 
tion team will add manpower to your drafting room. 





This 
at the drawing 


The same design change was com- 
pleted in less than an hour with 


design change took hours to 
make because it — done entirely 


These Materials Speed Reproduction and Drafting 


Copyfiex Translucent Sensitized Paper: Prints made 
on this 100% rag, resin-transparentized medium 
provide: (1) a positive, reproducible image of all 
or any selected part of an original; (2) a workable 
drawing surface for making additions or alterations; 
and (3) excellent translucency for making fast, 
sharp reproductions. In the making of design 
changes, prints made on this paper eliminate the 
need for tracing those sections of the design which 
do not require alteration. Unwanted portions can 
either be masked out in the printing operation or 
eradicated on the translucent print . . . then new 
lines added. The paper prints accept pencil and 
ink, and drawn lines are erasable. Subsequent 
alterations are achieved just as easily and quickly 
by use of the same reproduction-drafting technique. 


the aid of a Copyfiex intermediate. 


Copyfiex Sensitized Matte Film: Usable for same 
purposes as Copyflex Translucent Sensitized Paper, 
but is highly transparent and much more durable. 
Reproduces faster than originals made on tracing 
paper. 

Copyfiex Sensitized Clear Film: Offers complete 
transparency and extremely fast reproduction 
speed. Not suitable for drawing, but ideal for 
making composite prints, overlays, and projection 
prints. Various developers can be applied to it 
to produce different color effects. 

Copyfiex Sensitized Tracing Cloth: A top quality 
moisture repellent cloth with excellent pencil and 
ink workability. The ideal material to use when 
circumstances require a translucent print with ex- 
ceptional durability and strength. 


HOW COPYFLEX SPEEDS Problem: To make a design change without marking or altering 











DESIGN CHANGES 

















the original drawing or tracing. 


Old Methed: (1) Trace unchanged parts of the original by 
hand; (2) draw in the design changes or alterations. 


- Copyfiex Method: (1) Reproduce unchanged parts of the original 
in a matter of seconds on Copyfiex translucent paper, cloth, or 
out or later 


eradicating 
of the original design; (2) draw in the design changes or altera- 


any unwanted portions 


Result: Substantial savings in time, money, and drafting room 
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+ Desktop Model 300: Perfect 
for small firms, an ideal “extra” 
machine for large firms. Makes 


prints up to 30° wide any 
fength. Operates on 1 10QNMIE : 


> 


Medel 250: Takes less 
then a sq. yd. of floor 
space. Has top mechanical 
speed of 25 f.p.m., 1842” 
printing width, automatic 
separation and stacking. 
Operates on 220 volt A.C. 


Model 200: A 110 volt 
A.C. version of the Model 
250. A heavy-volume machine 
speed of 40 f.p.m, 
N E W ! avtomatic separation 


Modei 20: Not a new model, 
but « pertormer 
well worth your considere- 
tion. Makes prints up te 46” 
machine with 11” wide. Operates on 110 volt 

AC 

idth. "x11" 

mony vale lhl Model 30: A faster, 220-volt 


v nm the Mode! 20. 
helper your big machine ——— 
242 : 








Charles Bruning Company, iInc., Dept 13-0 
4700 Montrose Ave., Chicago 41, Illinois 
(BRUNING Please send me information on the Copyflex process and 
f the following machine(s): 
Best Process! Best Machines! G7 i and sensitized materials: 
Best Selection of Materials! YY) ay Name 


Company 
Address 
City 


Offices in 37 Cities of the U.S. and Canada 


CHARLES BRUNING COMPANY, INC., 4700 Montrose Ave., Chicage 41, Ill. 
In Canada: Charles Bruning Co. (Canada) Ltd., 105 Church S$t., Toronto!, Ont. 
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we work with the 
va "A Y Mce ned 2 Ca MEt3 
... and “know-how” 


7 *du Pont's trademark for its tetrafluorothylene resin 
tKellogg’s trademark for its trifluorochloroethylene resin 


A 
Physical Testing Laboratory 


” \ \ 


a ‘ $ 


Injection Molding 


Flvorocarbon Machining 


The United States Gasket Com- 
pany is the recognized leader 
in the fabrication and applica- 
tion of the engineered plastics 
— TEFLON*, KEL-Ft, NYLON, and 
FLUOROTHENE. 


Today, this company offers engi- 
neering and manufacturing talent 
and facilities unmatched in the 
industry to assist its customers in 
the profitable apptication of these 
and other plastics for almost count- 
less purposes. 


This company also is the only 
manufacturer offering the user of 
these materials a complete line of 
molded and extruded stock from 
which he may produce his own 
parts—plus modern, high-speed, 
low-cost machining facilities for 
producing his parts for him to close 
tolerances—plus an extensive in- 
jection molding plant for the max- 
imum economy in large volume 
production. 


Hence, we not only provide for the 
manufacturer’s needs at the proto- 
type and limited production stages 
of his product—but supply the 
answer to the most efficient method, 
and an accurate yardstick of cost- 
measurement, in the production 
of his ultimate requirements. 


Send us your drawings or samples 
for estimates, or write for 20-page 
brochure “Inside U.S.G.”’. 


UNITED STATES GASKET CO. 
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New Parts and Materials continued 
signed so that the potentiometer is 
completely housed by the locking d« 
vice itself. ‘The bushing is stainless 
steel, mounts in a ¥% in. hole, and is 


ipproximately *% in. long. The device 
is available in 16 standard resistance 
values from 47 to 15,000 ohm. Carter 
Mfg. Corp., 23 Washington St., Hud 
son, Mass 


For more information 
Circle 96, inside back cover 


Subminiature 


Feed-Through Terminal 


Standard basic dimensions are 0.770 
x 0.047 x ws in. hex nut dia. Stand 
ard body material is melamine, electri 
cal grade. ‘Terminal is silver plated, 
the nut nickle plated. Whitso, Inc., 
Dept. PEN, 9330 Byron St., Schiller 
Park, II] 

For more information 


Circle 97, inside back cover 


Ultrasonic Soldering Iron 


This soldering iron, capable of 
soldering aluminum without flux by 
completely removing the oxide film 
on the metal surface, applies ultrasonic 
power through the molten solder to 
the surface of the aluminum or other 

(Continued on page 324) 
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Save up to 70% 


on material costs 


T machining costs by 50% 


Bulkhead 


Inboard strut for airframe assembly 


Stabilizer hinge support 


Put your complex components in the hands of A. O. 
Smith! Exclusive E.D.O.S. manufacturing process 
is faster than conventional methods . . . assures a 
stronger product . . . cuts your costs. 


For example, a conventional titanium rough-forged 
jet engine ring, 17%" O.D. x 5%” wide, weighs 70 
pounds — while its counterpart, an E.D.O.S. pre- 
cision-forged, contour-rolled titanium ring, weighs 
but 20 pounds! Save 71% on material . . . 50% on 
machining time. 


WRITE TODAY FOR FREE ILLUS- 
TRATED BOOKLET — Bulletin 
1-17A— Complete with technical 
details. Also arrange for showing 
of new 16-mm. sound color movie 
about this remarkable process. 
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A.0. Smith does it for you 





Engineered Designs for Optimum Structures 


This remarkable metal- and work-saving process 
is ideal for titanium, steel and other heat-resistant 
alloys . . . may be the answer for fabricating your 
product. For further details about E.D.O.S., contact 
A. O. Smith Corporation, Milwaukee 1, Wisconsin. 


Through research < a better way 


ore 
Cc O88 .? © 8 £2.) 2 & 


MILWAUKEE 1, WISCONSIN 


nternational Div MILWAUKEE 1 


wiS 























How Schrader Air Products bale paper, 
producing 4 ton pressure with 100 Ibs. of air 


At this Rhode Island dye works, the paper baling 
operation formerly was a fatiguing manual chore. 
Now, the operator simply fills the press with 
used paper and cartons, and pulls a 4-way hand 
valve. One hundred pounds of air pressure flowing 
through the two Schrader double-acting cylinders 
then compress the paper with four tons of force. 
Finger-tip adjustments can reduce or raise pres- 
sure quickly, easily. 

Safe, simple, fast - compressed air daily per- 
forms miracles in hundreds of different ways. 


More and more manufacturers think “air” when 

they think “automation.” Holding work, moving 

scraps, synchronizing actions—all such operations 

can be automated with Schrader Air Products. 
Air means economy, too. Upon request, 

Schrader engineers will assist you in planning for 

the most efficient use of air and in selecting the 

products best suited to your applications. 

Tell us your problems. We'll be glad 

to help. Or send for the latest in- 

formative booklets. 


A. SCHRADER’S SON 
Division of SCOVILLE 


470 Vanderbilt Avenue, Brooklyn 38, N. Y. 


FIRST NAME IN THE USE OF AIR 


Schrader’ 


ESTABLISHED IN 1644 


FOR INDUSTRIAL PRODUCTION AND CONTROL 
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Electrical engineers 
ENGINEERS FOR IMMEDIATE PLACEMENT — “scence! snsinoor 
Electronic engineers 
Computer engineers 
Solid-state physicists 


ENGINEERING AT NCR MEANS: 


IMMEDIATE, PERMANENT POSITIONS in Mechanical Engineering, Electrical Engineering and Physics 
Research Division. 


ENGINEERING PROJECT WORK in Adding Machines, Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los Angeles and Ithaca, New York. 


OPPORTUNITIES IN DESIGN, development, production-engineering and packaging of mechanical, electronic 
and electro-mechanical devices. 


SOME EXPERIENCE IN DEVELOPMENT, design and application of high-speed, light-weight mechanisms of 
the intermittent-motion type—or experience in digital devices and components is desirable, but not essential. 


AMPLE TRAINING and orientation is available to all employees. 


ENGINEERS 


AS AN NCR ENGINEER, YOU WITH YOUR FAMILY, WILL ENJOY: 


UNLIMITED OPPORTUNITY in the broad, ever-expanding field of Business Machine Engineering and Research. 
AN EXCELLENT SALARY, plus exceptional benefits of lifetime value for you and your family. 


A RECREATIONAL PROGRAM for year-round enjoyment for the entire family, including a new NCR Country 
Club with 36 holes of golf, and a 166-acre employees’ park for outings with swimming, boating and supervised 
play for children. 


LIVING IN DAYTON— an attractive, progressive city with outstanding school facilities. 


YOUR WORK AT NCR with its friendly, family atmosphere, where you work with people who, like yourself, 
have decided to build their professional future with NCR. 


Send resume of 
ACT AT ONCE © "= stemeten: oetene 
and geographic preference to: 
Employment Department, 


Professional Personnel Section 7 


THE NATIONAL CASH REGISTER COMPANY © DAYTON 9 « OHIO 
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WIGGINS’ 
NEWEST! 


an automatic 
connection 


Small Space 
Requirement. 


Low Pressure 
Drop 


No Air 
Inclusion. 


Any Desired 
Service. 


Wiggins 


2t-O-matic 


Ue ecb nek 


COUPLING 


Wiggins 


€. B. WIGGING O11 TOOL COMPANY, INC. 
3424 E. Olympic Bivd, Los Angeles 23, Colif 





New Parts and Materials continued 
light metal. A “cold boiling” effect, 
called cavitation, is produced within 
the solder. ‘The cavitation bubbles 
remove oxide film from the metal 
surface, allowing a wetting action by 
the solder. ‘The soldering iron has a 
pistol grip and can be supplied with a 
choice of either a chisel-shaped or 
tapered copper bit. Power is from a 
Acoustica Asso 
ciates Inc., Glenwood Landing, N. Y. 


special power unit 


For more information 


Circle 98, inside back cover 


Circuit Continuity Tester 


his electrical circuit tester consists 
of an industrial flashlight with built-in 
jack. ‘The test leads use plug and clips 
I‘his tester, 
battery 
supply has many uses, such as checking 


for instant attachment. 
which works through a 34 
wiring, controls, circuits, fuses, 
grounds, shorts, opens, broken wire, 
switches, limits, relays, burglar alarm 
systems, also for checking and setting 
contacts as desired. Bright Star Indus- 
tries, Clifton, N. J. 
For more information 
Circle 99, inside back cover 


| Dynamometer for Testing 
Servo-Mounted Motors 


(his dynamometer has a hysteresis 
brake to absorb motor power in the 
testing of servo-mounted miniature 
motors. The torque system balances 
the running torque of the test motor 
against the swing of a carefully cali- 
brated pendulum weight. The rotor of 
the brake assembly is carried directly 
on the test motor. 

The unit can be made in maximum 
torque scales down to 0.5 in-oz and up 


(Continued on page 328) 


DORMEYER 


SOLENOIDS 





TO OUTLAST 
PRODUCT LIFE 


MILLIONS OF CYCLES constitute 
standard DORMEYER dependa- 
bility. DORMEYER solenoids 
serving this long and longer con- 
tinue in smooth operation in count- 
less products today. 


All types and sizes available to 
meet your needs. DORMEYER 
quality means dependable, long- 
lasting, trouble-free circuit opera- 
tion...and DORMEYER produc- 
tion facilities mean low unit cost, 
on-time delivery. 


DORMEYER electro- mechanical 
controls can be custom-engineered 
to your requirements...depend on 
our 30 years of specialized experi- 
ence to solve your problems. 


DORMEYER also makes a com- 

plete line of coils and transformers. 
‘ x 

Send b/p and specs for stm: 

recommendations. Request 

free 20-page dota- 

packed catalog. 


ansroemrs 


Comm 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3414 Milwaukee Ave., Chicago 41, Ill. 
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WE TORTURED THAT 


TILL IT HURT US 


The heavy tractor’s treads crunched 
into the Weirkote steel, rocked 
back and forth, gave Weirkote’s 


tight zinc coating a wicked test. 
It passed perfectly. 


Weirkote shrugs off punishment like 
that—or far worse—in everyday pro- 
duction. Its continuous-process zinc 
coating goes through all the severe 
fabrication steps flawlessly. Spin it, 
deep-draw it, crimp it, roll-form or 


extrude it. There’s no flaking or 





a. - wiles 
rie eS: 


er >. . aie . 


peeling when Weirkote’s on the job. 


And look at this for savings! Be- 


cause Weirkote’s zinc coating stays 


put, you can eliminate the cost of 


plating, painting or redipping after 
fabrication. In many jobs, the lubri- 
cating property of the zinc coating 
will prolong die life, too. 

Free Weirkote Booklet ! 
Send for all the facts on Weirkote. 


Write Weirton Steel Company, 
Dept. D-5, Weirton, West Virginia. 


WEIRAOTE 
TO LOOK! 


weinTol 


cy 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 








you “build-in” Accessibility with 
GRANT INDUSTRIAL SLIDES 


The application of Grant Slides to Industrial load requirements as well as mounting condi- 


equipment results in measurable time savings. tions are available. 


Unit is effortlessly extended to completely 
visible position. Normally “hidden” parts are es ian Five seconds to put unit 
‘ rr 


at your fingertips (and slides can be ordered act 1 in testing position. Slides 
with tilting devices for even greater working oo SSS smoothly out of cabinet, 
* 


ks >; 4 wha. 

convenience!). loc ks. E ivoting mecha 
nism brings underneath 
»s of 221 ; sro aw , ; ; P ° 
Thus, alert design engineers have totally elimi- : 4 parts to easiest working 
nated the laborious step of “getting at” vital ° angle. Functioning of 


components by specifying Grant Industrial F — Sa unit need not be inter- 





Slides. Hundreds of types for a great range of : “§ rupted. 


Write for Grant Industrial 
Slide technical data. Free copy Gi rm INDUSTRIAL SLIDES 
will be mailed on request. 


Grant Pulley & Hardware Corporation, 31-77 Whitestone Parkway, Flushing 54, N. Y., 944 Long Beach Avenue, Los Angeles 21, Calif, 
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FEUTRON* 


The Felts of the Future that are here today! 


Eliminate virtually all problems encoun- 
tered with conventional materials in 3 
major reinforced plastic fields and are 
ideal for filtration, high temperature bear- 
ing seals, gasketing. The new FEUTRON 
mechanically interlocked felts, recently developed by 
American Felt Company, are of 100% synthetic fiber 
construction. Although particularly suited to the rein- 
forced plastic (low pressure) field their uses are practi- 
cally unlimited. 


The three reinforced plastic fields in which FEUTRON 
felts are especially suited: electrical and electronic 
equipment, as overlays in fiberglas mat reinforced bodies, 
where chemical or corrosion resistance is necessary. 


FEUTRON FACTS 


. Exceptional chemical resistance with thermal 
stability to 300F. 

. Non-hygroscopic and biologically stable. 

- Produces a smooth, fiber-free surface in 

finished product. 

Three dimensional strength properties. 

Excellent uniformity of weight and thickness. 

Good draping and tailoring properties. 

Good resin pickup (wettability) due to large 

amount of fiber surface available. 

. Good resin-to-fiber adhesion. 

. High strength and elongation properties which 
may eliminate the need for pre-forming in 
deep draw applications, and prevent tearing 
in vari-shaped molded applications. 

10. Excellent dielectrical properties. 


02 NOUS wow 
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FEUTRON FELTS are available in DACRON** .. . 
ACRILAN*** ... ORLONt... DYNEL??t... 
NYLON ...ARNELfft... VINYON!... VICARATt 


Investigate FEUTRON felts further, by sending for 
Technical Bulletin, making request on your firm’s 
letterhead. *Registered trademark 


DuPont trademark for its polyester fiber 
Acrylic fiber by Chemstrand 
tDuPont trademark for its acrylic fiber 

ttUnion Carbide's acrylic fiber 

tttCelanese Corp. trademark for its tri-acetate fiber 

TUnion Carbide's C ymer of polyviny! acetate 
and yviny! chloride 
ttVirginia Carolina Chemical Co. Zein Protein Fiber 


American Felt 
Com y 


TRAD MARK 


GENERAL OFFICES: 78 GLENVILLE ROAD, GLENVILLE, CONNECTICUT 
SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Lovis, Atlanta, Greenville, S. C., Dallas, 
Boynton Beach, Fla.; San Francisco, Los Angeles, Portland, San 
Diego, Seattle, Montreal.—PLANTS: Glenville, Conn.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. .—ENGI- 
NEERING AND RESEARCH LABORATORIES: Glenville, Conn. 
































Yes, in less than one square inch, 
about the area of an ordinary postage 
stamp, the output of the Parker 3 D 
cam can be expressed as a dependent 
variable .. . the resultant of two known 
independent variables which can produce 
precision functions in split seconds! 


z = f (xy) 
where z is the output of the 3 D cam; 
x and y are the two known variables. 


These functions transferred through a fol- 
lower assembly can activate: 


AIRCRAFT—Jet Fuel Injection, Missile 
Control, Navigational Control, etc. 


MACHINE TOOL—Automation Functions 
Repetitive Production, Feed Back Func- 
tions, etc. 


COMMERCIAL—Pre-computed Functions 
Stored Information, Mental- 
Mechanical Functions, etc. 


Send today for FACT FILLED bro- 
chure—"3 Dimensional Cams.” See 
how Science SAVES SPACE, produces 
MECHANICAL SOLUTIONS IN 
SECONDS! 





THI 


D wei Kb - 
\ L \ iil | 
HARTFORD CORPORATION 


FRANKLIN AVENUE e HARTFORD, CONNECTICUT 








New Parts and Materials. .... .continued 


to 6.0 in-oz at maximum 1 per cent 
full scale error or better Magtrol, 
Inc., 38 Virginia Pl., Buffalo 2, N. ¥ 


For more information 
Circle 100, inside back cover 


Digital Meter Measures 
Volts and Ohms 


Volts and ohms can be measured 
with +0.5 per cent absolute accu 
racy (0.1 per cent accuracy when using 
external standards). This portabl 
instrument measures positive or nega 
tive voltages from 0.01 to 1000 v a 
or de, and resistances from 10 to 10 
megohm. On a-c measurements th« 
unit measures to 100 ke with standard 
probe Franklin Electronics Inc., 
Dept. 220, E. 4th St., Bridgeport, Pa 

For more information 


Circle 101, inside back cover 


Lettering Guide 


[his lettering template is made of 
0.060 in. acrylic. It is cut in five 


guide slots, 4, %&, 4, and 4 in. Five 


circles in these same sizes have also 
been incorporated. In addition, the 

top of the template is a 6 in. ruler in 

16ths and the bottom a 6 in. ruler in 

millimeters. Over-all size is 44 x 63 
in Alvin & Co., Windsor, Conn 
For more information 

Circle 102, inside back cover 


Storage Oscilloscope 


Chis unit captures and retains any 
number of traces indefinitely at a con 
stant intensity until intentionally 
crased Ihe scope is available in a 
portable model 13 x 14 x 20 in. deep 
ind another, rack-mounted, 14 x 19 
in. Hughes Products, International 
\irport Station, Los Angeles 45, Calif. 

For more information 
Circle 103, inside back cover 


Circle Templates 
Each template has 45 circles, from 
to 24 in. dia., increments 64ths to 
in., 32nds to ? in., 16ths to 1 in 
and 8ths to 24 in. Made of 0.030 in 
matte finish plastic. Actual size is 
8} by 74 in. Rapidesign, Inc., Box 
592, Glendale Calif. 


For more information 
Circle 104, inside back cover 
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man from 


Hydraulic Pumps, Vaives, & Fiuid Motors 
Capacities: 


Pressures: 
1/5 to 30 gpm. 


up to 1500 psi. 


Speeds: 
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up to 3600 rpm. 


% 
. 
* 
< 
i, 
3 
fibe 
? 


Title 
Company 
Street 
City 


Have THE MAN FROM 
WEBSTER contact us— 


- Please send the following - 
Complete catalog 
of pumps and valves 


New information or data 
as published 





















OPPORTUNITY 


keynotes your Career 
in the IBM Airborne 
Computer Laboratories 


Walk the red carpet to IBM’s Airborne Computer Labora- 
tories in Owego, New York, to see for yourself, first-hand, 
the challenging opportunities 
ucts engineering. Talk with the men who are now carrying 
out these advanced projects and let their enthusiasm stir 
you to join our ranks. 


vailable in Military Prod- 





Opportunity in Engineering: High-speed 
electronic computers, both digital and 
analog types, are developed within the 
ACL to fit specific Air Force require- 
ments. As an ACL engineer, you will 
find ample opportunity to put your tal- 
ents to work in a variety of assignments. 


Opportunity to learn: If you believe 
knowledge is your greatest security, ACL 
offers opportunities to obtain advanced 
degrees, attend seminars, training 
courses; to consult with renowned ex 

perts and to prepare yourself for greater 
responsibility. 


Opportunity for adventure: (BM Flight 
Test engineers fly with the Air Force 
in B-47 and B-52 aircraft, checking the 
dynamic operation of our airborne 
equipment. Field Engineers work on 
the flight line, maintaining operating 
production systems. 


Exceptional career opportunities are now open at the IBM Air- 
borne Computer Laboratories for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields: 


Digital and Analog Systems Reliability Power Supplies 
Inertial Guidance Components Transistors 
Servo-Mechanisms Physics Heat Transfer 
Electronics Mathematics Optics 


Mechanical Design 
Packaging 


Human Factors 
Installation 


Test Equipment 
Cost Estimating 


Tremendous job flexibility enables ACL to custom-fit 
the engineer to the job. ACL offers you small-company 
advantages with large-corporation security. IBM’s sal- 
aries are excellent; company benefits tops for industry. 
The rate of turnover at IBM is less than 1/6 the na- 
tional average. 





Opportunity for better living: Ideally 
located Owego, close to the Finger 
Lakes, offers you and your family every 
opportunity for recreation and pleasant 
living. The IBM -C.C. (725 acres) offers 
diverse recreational facilities for the 
family, including swimming pools, two 
golf courses, rifle range, bowling, etc. 





MILITARY PRODUCTS 
DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 


For more information, Write, outlining background 
and experience, to: R. A. Whitehorne, Room 701, 
International Business Machines Corporation, 590 
Madison Avenue, New York 22, New York. 


MILITARY 
PRODUCTS 
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Hydraulic control system of the Lodge & Shipley Powerty 


Copymatic Lathe protected by a Purolator Micronic” filte 


Designed for highly accurate control 
... fully protected by Purolator Filtration 


On a very successful automatic duplicating Purolator engineers recommended a standard 
lathe, this hydraulic control system makes pos- filter from their stock of over 2000 models. It 
sible both quick, simple operation and a high more than met the system’s special requirements. 
degree of sensitivity and accuracy. Reliable and The controlled porosity of Purolator’s 
uninterrupted operation of a system like this is Micronic element evenly filters out contami- 
dependent upon freedom from contaminants. nant particles as small as .000039 inch. And 
That's why the Lodge and Shipley Company, its —_ because it’s made of plastic-impregnated cellu- 
manufacturer, made Purolator Micronic® fil- lose, the Micronic element is not affected by 
ters an integral part of their hydraulic system. high temperatures, water, or oil. 


Filtration For Every Known Fluid Filtering information for product designers is avail- 
able in ovr 32 page “Filtration Manual for Product 
Designers”. Just enclose 25¢ to cover postage and 


PUrF © LATO R handling. Address Dept. P5-129 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 
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PERFORMANCE 


O-M Tie-rodiess (round 
line) Air and Hydraulic 
Cylinders rated, to 500 
psi Air; to 0 psi 
Hydraulic. 


a 


*SMOOTH* POWERFUL 
* DEPENDABLE 


i CYLINDERS: 
. TIE-RODLESS ; 


© air and hydraulic 
e meet JIC standards 


O-M Tie-rodless Air and Hydraulic 
Cylinders deliver peak performance at 
low or high speeds. They are simple 
and unique in design . . . have no tie 
rods or projecting end caps .. . fit 
easily in unusually close quarters . . . 
operate with lowest co-efficient of fric 
tion .. . and are readily disassembled 
for servicing, Besides, the ports can be 
oriented to any position. Interchange- 
O-M Cylinders 
All cylin- 


ders tested at rated operating pressures 


able mounts make 


adaptable to any installation 


before shipment. 


Available in full range of sizes (114.” 
to 8” bores) with standard, 2 to 1 or 


oversize rods 


qe), 


4 Write TODAY for 


BULLETIN 101A 


MAIL COUPON NOW! 


ORTMAN-MILLER MACHINE COMPANY 
15 143rd Street, Hammend, Indiana 

}] Have Representative call 

() Send Bulletin 101A (Round Line) 
Name Position 
Compony 


Address 


CATALOGS and BULLETINS 


To obtain copies of literature described below, circle corresponding 


number on postcard inside back cover. For those catalogs and bulletins 


available only when requested on company letterhead, see page 348. 


Stamped Gears—Catalog, 31 pp. Con 
tains data and charts on 
gears up to 4 in. dia. Fastex, 
Algonquin Rd., Des Plaines, Ill. 


Circle 105, inside back cover 


precision 
195 


Fasteners—Catalog, 23 pp. Contains 
data and diagrams on spring units, 
studs, pins and grommets. Fastex, 


195 Algonquin Rd., Des Plaines, Il. 


Circle 106, inside back cover 


Spring Design and Selection—Bro 
chure, 8 pp. Contains stress and de 
flection formulas, spring materials, ap 
plications, and limitations of various 
type springs. Associated Spring Corp.., 
Bristol, Conn. 


Circle 107, inside back cover 


Variable Resistors and Switches 

Bulletin RCIOB, 30 pp. Contains 
data and chart on dimensions, mount 
ing styles, ratings, and standard modi 
fications. Stackpole Carbon Co., St. 
Marys, Pa. 


Circle 108, inside back cover 


Silicon Rectifiers—Brochure ECE 
148A, 11 pp. Contains application 
notes on the 4JA60 series of small 
high current units. General Electric 
Co., Park, 
N. Y. 


Electronics Syracuse, 


Circle 109, inside back cover 


Standards for Stud Welding—Book- 
let, 35 pp. Contains diagrams and 
data on studs, pins and tapped pads. 
K S M Products, Inc., Merchantville 
8, N. J. 


Circle 110, inside back cover 


Synchros—Brochure, 12 pp. Contains 
diagrams and data on units, size 1, 3 
and 5. Ford Instrument Co., 31-10 
Thomson Ave., Long Island City 1, 
N. Y. 


Circle 111, inside back cover 


Fasteners—Brochure, 12 pp. Contains 
data and charts on washers, screws, 
nuts and terminals. Shakeproof, St. 
Charles Rd., Elgin, Ill. 


Circle 112, inside back cover 


Standards for Miniature Screw 
Threads—Bulletin, 17 pp. Contains 
a tentative draft from sectional com 
mittee Bl on the standardization and 
unification of screw threads. ASME, 
29 W. 39 St., New York 18, N. Y. 


Circle 113, inside back cover 


Lubrication Fittings—Bulletin, 8 pp 
Contains diagrams and data on ball-in 
head, flush and button fittings. Uni 
versal Lubricating Svstems, Inc., Oak 
mont, Pa. 
Circle 114, inside back cover 
Protective Coatings—Bulletin, 32 pp. 
Contains data on vinyl chloride resins 
Firestone Plas 
690, 


for solution coatings. 
Co., P.O. Box 


tics 


Pa. 


Pottstown, 
Circle 115, inside back cover 


Where Engineers Work in Industry 

Booklet, 11 pp. Contains the results 
of two surveys by National Education 
Committee. American Society of Tool 
Engineers, 10700 Puritan Ave., De 


troit, Mich 


Circle 116, inside back cover 


Metal Laminates—Brochure, 8 pp 
Contains data on laminates which are 
combinations of two o1 


three metals 


permanently and metallurgically 
bonded together to form a 


wich.” 


“sand 
Bridgeport Brass Co., Bridge 
port 2, Conn. 


Circle 117, inside back cover 


Wire, Rod and Alloys—Booklet, 28 
pp. Gives price schedule and data. 
Techalloy Co., Inc., Rahns, Pa. 


Circle 118, inside back cover 
High Pressure Gage Snubber—Bro 
chure, 2 pp. Contains diagram and 
data. Chemiquip Co., 460 W. Broad 
way, New York 12, N. Y. 


Circle 119, inside back cover 


Phosphor-Bronze—Data Sheet, 4 pp. 
Contains information on the physical 
characteristics, processing, and appli 

(Continued on page 336) 
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we have 50.000’ sobiitione to yours 


Product Engineering 


Have you ever noticed? The eye of the fish 
has no lid! Nature instead has endowed the 
fish with a remarkable protective eye coat- 
ing: tough enough to last a lifetime...clear 
enough to permit keen, sharp vision. 


*‘durachem 


offers similar clear and lasting protective 
qualities. DURACHEM is a synthetic chemi- 
cal resistant baking finish of unusual clarity. 


Leadership in-finishes since 1876 


MAAS & WALDSTEIN CO. 
2133 McCarter Highway, Newark 4, N. J. 


Midwest Division: 1658 Carroll Avenue, Chicago 12, It. 
Pacific Coast Division: SMITH-DAVIS CO. 
10751 Venice Bivd., Los Angeles 34, Calif. 


January, 1957 


One of 50,000 Maas & Waldstein Co. form- 
ulas that might contain the answer to your 
protective coating problem, DURACHEM is 
available in a wide range of colors. Stubborn, 
too, it withstands prolonged exposure to heat 
and sunlight; salt spray and perspiration. 
Typical applications include builders hard- 
ware, cosmetic cases, and writing implements. 


Write today for information on DURACHEM! 


MAAS & WALDSTEIN CO. 
2133 McCARTER HIGHWAY, NEWARK, N. J. 


Please send me information on DURACHEM. 


NAME TITLE 





COMPANY. 





STREET 





CITY. ein ance 








Flexible Shafts 
Eliminate 


Unnecessary 


One manufacturer used flexible shafts to re- 
place 35 parts in a Hydraulic Power System 
... cut costs by 90%. Four flexible shafts re- 
placed a 35-part remote-control system... 
simplified design . . . made assembly easier 

. eliminated alignment problems. . . im- 
proved performance! 


This is only one of hundreds of remote con- 
trol and power drive problems these quality 


Parts 


flexible shafts are solving in every industry 
today. Can S.S. White flexible shafts help im- 
prove your product? Perhaps make it lighter 
in weight . . . cut production costs . . . elimi- 
nate unnecessary parts? 


If you'd like to know more about flexible 
shafts, the advice of our engineers costs you 
nothing. Just write to 


S. S. White Industrial Division, Dept. D, 10 East 40th Street, New York 16, N. Y. 
Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. 


IN FLEXIBLE SHAFTS / 
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Useful data on how to select 
and apply flexible shafts! 
Write for Bulletin 5601. 





covered across the board 





when you use K-21 MAGNETIC STOP VALVE 
General Controls’ line of quality automatic controls 


In heating, power generation or process regulation — whenever automatic controls are needed 

plant engineers everywhere have found that it pays to check first with General Controls. General 

Controls’ comprehensive line ranges from the simplest time switch or thermostat to advanced ie 
programmers and recording controllers. And you're never very far from one of 40 helpful branches 

(located coast to coast), where General Controls’ experienced representatives are always at your 


service. Give your local General Controls field representative a call on your next control problem 


K-27 MAGNETIC VALV K-10 MAGNETIC VALVE K-15 MAGNETIC VALVE K-123 MAGNETIC VALVE 


Lever action for 3 way—for nor- 
higher seating f mally open or 
pressure. Excellent normally closed 
general purpose directional control 
valve for primary t and mixer applica- 
fuel, feed water, , tions—on pneu- 
steam, air. (300 matic or hydraulic 
psi max. operating i operated devices, 
pressure differen- machine tools, etc 
tial.) 


K-273 MAGNETIC VALVE TIME HYDRAMOTORS 4 AIR MOTOR VALVES 


3 way flow or Wide range of = s 
mixer type. Com- types in complete ] TET 
pact, multi poised , range of pipe a. Le ad 

For air, water, hy- : sizes and body . _—" trol_N 
draulic fluids styles to provide UT 

charging or empty- , safe, dependable, >. 

ing systems. Nor- durable answer to = 

mally openor - all liquid transfer e 

closed. Choice of f problems. 

flow patterns. . 


iron Mountain, Michigan 
lendale, California 
Burbank, California 
Skokie, lilinors 

ph, Canada 


4 ¥ 


1 tom ru om tee nar agntinp apne 


FORTY BRANCH OFFICES SERVING THE UNITED STATES AN CANA 


Gue 
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ions of this material in thickn« 
low is 0.0005 in +() 000] 
American Silver Co., 
St Flushing 54.N. ¥ 


Circle 120, inside back cover 


Motor Operated Shut Off Valve— Data 
sheet, 2 pp. Contains data 
TICK ror high pressure 


$1 
function Hyvdromatics In 
Grov N. ] 
Type 820 Circle 121, inside back cover 
Cluster Fittings—Booklet, 44 | 
tains data on fitting dimension 
tallation and assembly methods 
Weatherhead Co., 300 FE. 131 
Cleveland, Ohio 
Circle 122, inside back cover 
Type 822 
Nuclear Reactors—Booklet, 8 pp. Cor 
tains data and_ information 
eactor types ind how 
they compare or differ. Industrial 
Div., Minneapolis-Honeywell Regula 
to o., Philadelphia 44, Pa 
Circle 123, inside back cover 


£ Casting Design as Influenced by 
Foundry Practice—Bulletin 44, 64 pp. 
CRL The most Contains data on design, the method 


of making the pattern, molding pro 


+ 
complete line cedure, and the characteristics and 


behavior of the metal in the mold. 
of Ceramic Trimmer Capacitors Sager ad) or gg lataaa 


Circle 124, inside back cover 


Eight standard types. Swivel Joints—Bulletin 269A, 12 pp 
Special designs engineered Contains data and diagrams on plane 


to specifications. ind self-aligning aircraft type joints 
: for hydraulics, pneumatic, oxygen, 

All units rated : Rotors and stators ground optically flat, to ind fuel service. Barco Mfg. Co 
600 V. D. C. W.., : insure dependability and accurate retrace. Dept. J27, 500 N. Hough St., Barring 


1500 V. D. C. test : . . 
: Lightweight rotors always in balance ton, Ill. 


Capacity range from ; and under heavy spring pressure. Provide Circle 125, inside back cover 
5 to 125 mmf. : excellent stability under vibration without 


Small size—light weight : special locking device. V-Belt Drives—Manual, 66 pp. Con 


Sian Meteo testhen * All units easily adjusted. Full capacity tains tables on belt selection, deter 
0.2% at one megacycle ° range is obtained with 180° rotation. Equal mination of speed ratio, belt speed, 
. stability is maintained at any position from 


ee : hp ratings and design data. Maurey 
minimum to maximum. 


Mfg. Corp., 2915 S. Wabash Ave., 
Chicago 16, Ill. 


For further information, Circle 126, irside back cover 


write for Technical Bulletin 42-101R1. 
Ce Heat Exchangers—Catalog 1254, 12 
pp. Co s on s 
1 A DIVISION OF GLOBE-UNION INC. Py ntain data and charts on hell 
© ind tube units. Young Radiator Co., 


964A East Keefe Avenue * Milwaukee 1, Wisconsin 


0-2380 In Canada: 804 Mr. Pleasant Road, Toronto. Ontario Racine, Wis 


AS 


Circle 127, inside back cover 


Ah be . , _~e Fastenings—Catalog 26A, 64 pp. Con 
> Pac 
ewiTcHes 





ethene ps tains data, illustrations and prices of 
\. SMECTRONIC CiRcUITS CAPACITORS 





(Continued on page 340) 
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IMPORTANT 
COST REDUCTI 


Save time aad Ldhatian 
and NATIONAL Retaining Rings 


. conserve valuable space in 
materials portable equipment, pocket 
radios, hearing aids, controls, 

meters, instruments and mini- 

gnd ature assemblies. Weight sav- 

eee ings and reduction of manu- 
facturing costs are added ad- 


improve ae 
your 
products 


with... 


Simplify design by specifying NATIONAL Retaining Rings on 
shafts and housings. These dependable rings save material, weight 
and assembly time wherever shoulders or collars are required. 
Grooving smaller diameters for retaining rings avoids cutting 
down larger diameter material to form shoulders and collars . . . 
saves costly machining, speeds assembly. NATIONAL Retaining 
Rings are service-proven on all types of equipment from heavy 
machinery to miniature assemblies. Ask for all the cost-saving 


facts, today! 


THE NATIONAL 
LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 
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THE WHEELS OF 
INDUSTRY TURN ON 


AXLE SHAFTS 


Out in the field and inside the plant, wherever 
there’s work to be done, you'll find labor-saving 
and time-saving machines. And wherever you find 
machines, you'll find U.S. Axle Shafts in every size 
and description, making their contribution toward 
smooth, trouble-free performance. 
FREE VALUABLE BROCHURE U.S. Axle Shafts are made of the finest alloy 
' steel, heat-treated, and then shot- 
Shows you why U.S. Axle is your . 
best source for precision-made peened — the hardening process that 
epacial chats makes U.S. Axles up to 5 times tougher 
—by actual torsion tests. We will be 2 
happy to use our 36 years of engineer- 
ing skills to help you improve your 
THE U.S. AXLE COMPANY product performance. 
Pottstown, Penna. 
Call on U.S. AXLE for shafts for every application 
Please send me the brochure on “U.S. Custom-Engi- 
neered Shafts.” 


5" 
asi aque woORLD TURNS —e pxrt 


Firm 


Address 


at See tus US AXLE COMPANY, INC. 


Since 1920 «+ Pottstown, Pennsylvania 
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Helpful Data from 


DE LAVAL 


The efficiency of worm gearing is determined by frictional losses at the 
tooth contact, bearings and oil seals plus losses from oil churning and 
windage. A formula for efficiency at the tooth contact may be developed 
from a consideration of the forces at the contact. Figure 1 shows these 
forces acting on a developed section of the worm thread. For simplicity 
the pressure angle has been assumed to be zero. 


The coefficient of friction of the worm and gear is a function of the ma- 
terials, finish, lubrication and rubbing speed. The latter is the relative 
speed between a point on the pitch surface of the gear and one on the 
pitch surface of the worm. The coefficient of friction varies very little at 
high rubbing speeds but rises with increasing rapidity as the speed drops 
below 500 fpm. 


The efficiency formula developed in Figure 1 involves worm lead angle 
and the friction angle. Figure 2 provides a relationship between friction 
angle and rubbing speed based on tests made on accurately manufactured 
gearing consisting of hardened and ground worm and bronze gear 
operating in oil. 


262 Dw x ») 


V= 
Cos ; 


The where 
formula V= Rubbing speed — feet per minute 
for rubbing Dw = Worm pitch diameter — inches 
speed is: y= Worm speed — rpm 

y= Worm lead angle 


FIGURE 1. 
Development of equation for efficiency at 
contact between worm and gear 


F TAN (> +8) F—TANGENTIAL FORCE ACTING ON 
GEAR 
F TAN (7 + @) = TANGENTIAL 
FORCE APPLIED TO WORM 
F SEC ( y + @)COS @ = FORCE 
NORMAL TO CONTACT SURFACE 


FSEC (7 + @) SIN @ = FRIC- 
TIONAL FORCE 


EFFICIENCY — WORK REALIZED 
WORK APPLIED 
oon: OS 
~ & COT yXF TAN (7+) 
_TAN Y 


TAN (7 +8) 


FIGURE 2. FRICTION ANGLE 
32) 7 6 s * : 3 r ae 


pa ts 


100 200 $00 1000 1500 2000 2500 3000 


RUBBING SPEED FEET PER MINUTE 











beaver 
ball screws 


Successor to the Acme screw 
drive and preferred in many 
applications to hydraulic and 
pneumatic systems. Guaran- 
teed 90% efficiency in con- 
verting rotary twist to linear 
push (or vice versa). Employs 
a stream of precision balls 
and ground lead to eliminate 
drag and wear in delicate in- 
struments to massive wind 
tunnel jacks. Any diameter 
or travel: indexing, inching, 
traversing. Literature, con- 
sulting engineering service 
available. 


> 
~ 
= 


. ~~ Tf 
VEERELER RR EEPEOD RE REDDRby in 


é 

ip -10 1%) g 

Drecision 

f 5roducts 
i INC. 


a CLAWSON, MICH. 
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nuts, bolts, screws, rivets and cotter 
pins. H. M. Harper Co., Morton 
Grove, Ill. 


Circle 128, inside back cover 


Push-Pull Remote Control—Brochurc 
+ pp. 
a unit which will manipulate up to 
1,000 Ib. Controlex Corp. of Amer 
ica, Hangar 18, Westchester County 
Airport, White Plains, N. Y. 


Circle 129, inside back cover 


Contains data and charts on 


Zinc Alloy Gears and Pinions—Bulle 
tin, 1 pp. Contains data on more 
than 40 individual units. Gries Re 
producer Corp., 400 Beechwood Ave., 
New Rochelle, N. Y. 


Circle 130, inside back cover 


Acrylic Rods, Tubes and Shapes—Bro 
chure, 4 pp. Contains data and chart 
on physical properties, refractive in 
dex, compressive and impact strength, 
dielectric strength, and resistance to 
chemical agents. Ace Plastic Co., 91 
30 Van Wyck Expressway, 
36, N. Y 


Jamaica 


Circle 131, inside back cover 


Casting Alloys—Chart. Contains data 


on the composition of 37 standard 
alloys and their Navy, S.A.E., 
A.S.T.M. and Federal specification 
designations. Henning Bros. & Smith, 


91-127 Scott Ave., Brooklyn 37, N. ¥ 


Circle 132, inside back cover 


Metal Powders—Bulletin 561, 6 pp 
Contains specifications and charts on 
properties and applications of pow 
ders. Metals Disintegrating Co. Inc., 
Elizabeth, N. J 

Circle 133, inside back cover 


1-5 hp Motors—Bulletin GEA5980, 
12 pp. Contains data on production 
motor con 


] lectric 


testing technique s and 

struction features. General 

Co., Schenectady 5, N. ¥ 
Circle 134, inside back cover 


Shaded-Pole Motors 
6134A, 1. pp 
fan and blower applications in ratings 
1.5 w through } hp. General Electric 
Co., Schenectady 5, N. Y 

Circle 135, inside back cover 


Booklet GEA 


Describes motors for 


Lubricated Plug Valves—Catalog, 28 
pp. Contains data and diagrams on 
100 per cent pipe area, venturi, 
roundport, and diamond port valves 


in a variety of metals for 150 Ib steam 


(Continued on page 344) 


The same 
instrument 
that opens 
and closes 
the cowling — 


“f “A 
positions 
heavy 


cutter heads 


Beaver Ball screws provide 
rapid, positive, horizontal and 
vertical positioning of the head 
of this Sundstrand Milling 
Machine. To demonstrate the 
advantage of using Beaver Ball 
Screws this 14,000 pound head 
is raised at from '2 to 50 1.P.M 
with zero backlash by a 4 H.P 
motor and without bulky, ex- 
pensive counterbalancing 

Can your product be made 
more efficient with Beaver Ball 
Screws? 

Write for information 


Yeaver 
Drecision 
{ Droducts 


i INC. 
a CLAWSON, MICH. 
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modern low-cost assemblies 


with ROLL FORMED SHAPES 


Double savings—in materials and as- 
sembly cost are yours when you use Roll 
Formed tubing, shapes and channels. 


We deliver them to your plant already 
punched, notched, pierced and cut to length. 
Our modern plant equipment performs all 
these operations continuously, cutting your 
material cost. These ready-to-use parts speed 
your production and eliminate unnecessary 
handling. 


3756 MAIN OFFICE AND PLANT 


Whether it be carbon, galvanized or stain- 
less steel, copper, aluminum, zinc or clad 
metals, send us your blueprints and let us 
help you to produce a better product at 
lower cost. Write for Catalog 1555 to get an 
illustrated story of the Roll Formed process. 


ROLL FORMED PRODUCTS 


OAKWOOD AVE. « YOUNGSTOWN, OHIO 


January, 1957 





Precision control for a metal monster 


@ To Denison Engineering went the task of designing accurate, foolproof 
control equipment for this huge compacting press built by Adamson United, 
Akron, Ohio. Covering more than 40 square feet of platen area, the press has 
a 40-inch ram designed to operate on a 2300 psi hydraulic system. 

The control system developed by Denison employs.a variable-volume 
axial-piston pump driven by a 15 h.p. motor. A manifold-type hydraulic 
panel completes the system. 

Engineering consulting service like this is available to you at all times to 
save your design time and assure dependable, efficient performance of your 
hydraulic circuits. Write us. Denison Engineering Division, American Brake 


Denison variable volume Shoe Co., 1 194 Dublin Road, Columbus 16, Ohio. 
axial piston type pump 
with pressure compen- 
sating control, key to this 
bydraulic system for 
Adamson United Press. 


DENISON 
anOllLica 


HYDRAULIC PRESSES*+ PUMPS >» MOTORS+ CONTROLS 
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SELF-ALIGNMENT is assured 
because the lubricated, spheri- 
cal outer ring is free to align 
in any direction. Full load ca- 
pacity is always maintained re- 
gardiess of shaft deflection or 
misalignment. 


POSITIVE PROTECTION of the 
rolling elements from moisture 
dust and dirt is provided by 
self-aligning seals extending 
from housing to inner ring 
Large grease reservoir prolongs 
lubrication intervals 


velt-aligning 


SEAL AND ALL 


4 
4 


That’s why grease stays 
in, dirt out of these 
LINK-BELT ball bearings 


t be compensate for supports and shafts that mis- 
align in service . .. for unavoidable inaccuracies 
in mounting—Link-Belt offers self-alignment in 
ball bearings. And to protect that vital feature 
against dust and dirt, Link-Belt provides effective 
seals that align along with rolling elements. 

Self-alignment is standard throughout industry’s 
most complete line of ball and roller bearings— 
pillow blocks and flange, flange cartridge, cartridge 
and take-up units. Ask any one of 40 Link-Belt 
offices for Book 2550. 
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Series 200 and 


00 ball bearings 


SY 


LINK “<: BELT 
self-aligning 
Yo] | Melate Mae) | (-1a ol=te lalate ts 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago | 
To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock 
Carrying Factory Branch Stores and Distributors in All Principal 
Cities. Export Office: New York 7; Canada, Scarboro (Toronto 13); 
Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs 
Representatives Throughout the World 








CHROMALOX 
Electric 


TUBULAR HEATERS 


provide controlled 
and dependable 
conduction, convection 
or radiant heat 


These versatile Chromalox Tubular 
Heaters provide the kind of heat you 
need, exactly fitted to your specific heat- 
ing application. 

Available in straight lengths or formed 
to any desired shape. Used for heating 
dies, molds, platens; as immersion 
heaters in liquids, soft metal and molten 
salts; or in ovens, air ducts and other 
air heating applications. 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically 


Write for your copy of 
Catalog 50 

—for full information on the 
complete line of Chromalox 
Electric Heaters and controls. 

For ideas on additional ap- 
plications of electric heat, 
request Booklet F1550—‘‘101 
Ways to Apply Electric Heat.” 


Edwin L. Wiegand Company 


7535 Thomas Boulevard, Pittsburgh 8, Pennsylvania 


4 
EDWIN L. WIEGAND COMPANY | 
7535 Thomas Boulevard, Pittsburgh 8, Pa. | 
| would like to have... | 
(a copy of Catalog 50 | 
(-] a copy of “101 Ways” | 
[] a Sales Engineer contact me. 
| 
| 
| 
| 
| 
| 


Name ud —_ 
Company 
Street 


State 
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working pressure, 200 lb oil-water-gas. 
and ASA 150 and 300 Ib classes. 
Homestead Valve Mfg. Co., 


opolis, Pa. 


Cora- 
Circle 136, inside back cover 


Fastenings—Catalog, 24 pp. Contains 
illustrations and diagrams of screws 
and bolts § to 3 in. dia. H. M. Harps 
Co., Morton Grove, II. 


Circle 137, inside back cover 


Push-Pull Controls—Booklet, 30 pp. 
Contains data and diagrams on flex 
ible and rigid controls. Arens Con 
trols, Inc., 2017 Greenleaf St., Evans 
ton, Ill. 

Circle 138, inside back cover 


Relays and Switches—Catalog, 10 pp. 
Contains data on approximate forty 
different units ranging in size from 
standard to miniature. Jaidinger Mfg 
Co., Inc., 1921 W. Hubbard St 
Chicago 22, Ill. 


Circle 139, inside back cover 


Enclosed Switches—Catalog 77, 24 
pp. Contains data and diagrams on 
units for airborne equipment. Micro 
Switch, Freeport, Ill. 


Circle 140, inside back cover 


Fluid System Specialties—Catalog 
4395, 4 pp. Contains data and dia 
grams on clips, coils, snubbers and 
gages. Parker Appliance Co., 17325 
Euclid Ave., Cleveland 12, Ohio 


Circle 141, inside back cover 


Aluminum—Bulletin, 16 pp. Lists 
sizes and weights of rod, bar, sheet, 
coil, plate, tubular and _ building 
products. Joseph T. Ryerson & Son 
Inc., Box 484, Jersey City 3, N. ] 


Circle 142, inside back cover 


Sheaves—Catalog 83-A, 16 pp. Lists 
739 different stock sizes from 3.4 in 
to 6 ft. dia. Fort Worth Steel & 
Machinery Co., P. O. Box 1038, Fort 
Worth, Texas. 

Circle 143, inside back cover 


Flexible Couplings—Catalog, 24 pp 
Contains dimensions and_ specifica 
tions on standard, double and radial 
units. Morse Chain Co., Ithaca, N. ¥ 


Circle 144, inside back cover 


Aluminum Mill Products—Booklct, 
24 pp. Contains data and charts on 
pig, ingots, sheet, plate, rod, wire, 
extrusions, forgings and foil produced 


(Continued on page 346) 
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Freedom from 
Coupling 
Mainfonanee 


SN COUPLING _ 


Ju atl ail 


Inctall Thomae 
Hoxible Couphinge 


First cost is only cost when you buy 
Thomas Flexible Couplings . . . because 
Thomas Flexible Couplings are cor- 
rectly engineered . . . have no wearing 
parts .. . need no lubrication . . . elim- 
inate future maintenance costs.) Even 
more, Thomas all-metal couplings are 
open for inspection while running— 
ending inspection shut-downs! 

For all practical purposes, properly 
installed and operated within rated con- 
ditions, ‘Thomas Flexible Couplings 
will last forever. 





NO LUBRICATION... 
NO MAINTENANCE... 
There Are No Wearing Parts 


Under load and misalignment, only 
Thomas Flexible Couplings offer all 
these advantages: 


1. Freedom from backlash—torsional 
rigidity 
2. Free end float 


3. Smooth, continuous drive with 
constant rotational velocity 


Visual inspection while operating 
Original balance for life 











Write for Engineering Catalog 51A 


saree, ot PLING CO. 
ano ee 
WARREN, PA, 
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WHY WASTE HORSEPOWER? 


Hydrauiic Power consumption is measured by the amount of oil 
pumped and the pressure needs of the circuit. Seldom do you need 


maximum output from the pump and top pressure throughout 
an operating cycle. 


RACINE “Variable Volume” Pumps save horsepower because they 
pump only the volume of oil needed to operate the circuit, 


By-passing of oil, heating, the cost of relief valves, excessive reservoir 
capacity, extra piping, all add to first cost and operating expense. 


RACINE Pumps reduce these costs by 
simplifying your circuits. The Racine Model K Vane Type Variable 
Volume Pump shown above has a capacity of 70 gpm, with 
maximum pressure of 1000 psi at 1200 rpm. Other models in a full 
range of sizes from 5 to 70 gpm. 


“Variable Volume” 


Why waste horsepower? Write today for complete information. 


RACINE HYDRAULICS & MACHINERY, 


MODEL K 


Vane Type 

Variable Volume 
Pump 

Pressures to 1000 psi 
Up to 1200 rpm 


ile 


Ni 


OTHER RACINE 
HYDRAULIC PRODUCTS 


FLUID MOTOR 
Vane Type 
50 to 3500 rpm 
Pressures to 1500 psi 


PRESSURE BOOSTER 


Pressures to 5000 psi 
Ratios to 7:1 


4-WAY VALVES 
Twin Solenoid 
Pilot Operated 


RESERVOIRS 


With Control Panel 
Designed to your space 
and circuit requirements 


INC. 


2072 Albert Street 
RACINE, WISCONSIN, U.S.A. 
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How a TV Accessory Manufacturer 


SAVE 





Parts 


— 45% on Parts Cost 
— 50% on Assembly Cost 


WASHER TYPE 


PALNUT 
Kolo @ vie 


Parts Cost | Assembly 
Cost per Cost 
per M M Units | per M Units 





Hex nuts 
Flat Washers 
Lock Washers 


PALNUT 
WAY 
1 
PART 


PALNUT 
Washer Type 


$2.17 $26.04 
.60 7.20 
50 6.00 


$39.24 





$1.80 21.60 





Savings $17.64 





TOTAL SAVINGS PER M UNITS—$46.14 








4 


SS, 
rev) 





Whether you now use a plain hex nut 
alone—or with a lock washer —or 
with a flat washer —or all three . 

you make substantial savings with 
Washer Type PALNUTS, in parts, 
handling and assembly operations. 
Washer Type PALNUTS have a 
resilient spring locking action that 


instead of this 


or this 


eS 


or this 


C @ > 








provides vibration-proof fastening 
of sheet metal assemblies, com- 
ponents, parts and other moderate- 
load assemblies—are safer for fragile 
parts. They assemble easily and fast 
with hand or power drivers. Send 
details of your assembly for sugges- 
tions, free samples and literature. 


THE PALNUT COMPANY, 65 Gien Road, Mountainside, N. J. 


Subsidiary of United-Carr Fastener Corp. 
Canada: P.L. Robertson Mfg. Co., inc., Milton, Ont. 





Many types available: 


@ Wide range of screw sizes 
© Variety of base diameters 
® Sealer Washer Type 
© Spacer Washer Type 
@ Grounding Washer Type 
® Electrical Washer Type 
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by Kaiser Aluminum In¢ 
Bldg., Chicago 11, Ill. 
Circle 145, inside back cover 


, Palmolive 


Carbon-Graphite Material—Bulletin 
20, 8 pp. Contains data and chart 
on material. United States Graphite 
( Saginaw, Mich 


Circle 146, inside back cover 


Solderless Wiring Devices and Con- 
nectors—Bullctin, 8 pp. Contains data 
on terminals and connectors for 
crimping to wire extremities. Electric 
lerminals Corp., 2021 Center St., 
Cleveland 13, Ohio. 


Circle 147, inside back cover 


Sprockets—Catalog 200A, 19 pp. Con 
tains data on flexible couplings and 
Cullman Wheel Co., 
Altgeld St., Chicago 14, III. 


Circle 148, inside back cover 


roller chains. 


— 
13521] 


Electric Motors—Catalog, 20 pp 
Contains diagrams and charts on nor- 
mal speed motors, geared motors 
variable speed transmissions and speed 
reducers. Sterling Electric Motors, 
Inc., 5401 Telegraph Rd., Los An 
geles 22, Calif 


Circle 149, inside back cover 


Plastic Knobs—Catalog 106, 15 pp 
Contains diagrams and charts on bar. 
ball, pointer and lever knobs. Kurz 
Kasch Inc., Dayton 1, Ohio 

Circle 150, inside back cover 


Flexible Metal Hose and Tubing 
Catalog G-560, 64 pp. Contains dia 
grams and charts of tubing made of 
stainless steel, 
luminum and Monel. American 
Brass Co., 666 S. Main St., Water 
bury 20, Conn. 


bronze, brass, steel, 


Circle 151, inside back cover 


Glass Fibers—Brochure WPD-12, 6 
pp. Contains data and charts on flex 
ible, light-weight insulations. L.O.F 
Glass Fibers Co., 1810 Madison Ave., 
Toledo 1, Ohio. 


Circle 152, inside back cover 


Vulcanized Fibre and Laminated 
Plastics—Chart compares 34 grades ot 
materials. National Vulcanized Fibre 
Co., 1056 Beech St., Wilmington 
99, Del. 


Circle 153, inside back cover 


Plastic Pipe—Bulletin CE-56, 8 pp 
Contains data on plastic pipe, fittings, 


(Continued on page 348) 
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Your forging problem is our business. Enthusiastic 
engineers at AmForge consider each project a new 
challenge—a challenge to adapt AmForge facilities 
and know-how to your problem. For example, the 
axle-part forging for truck trailers above was once 
made as a casting. Although the design more readily 
adapted itself to casting methods, it was proved that 
it could be forged. The result was more uniformity, 
reduced machining hours and less scrap. Being 
stronger as a forging, the net weight of the part was 
reduced, resulting in greater payloads with lower 
maintenance cost for the truckers. Ask us for an 
AmForge Adaption Analysis. Phone, write or send 
the coupon. 


AMFORGE 
Brakes DIVISION 


155 N. Wacker Dr., Chicago 6, Illinois 
PLANTS: CHICAGO, ILLINOIS « AZUSA, CALIFORNIA 
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NEW CATALOG 
Mail coupon today 


This new 16 page book will give yo 
complete information about 
AmForge facilities. Send the coupor 
for your copy today 


AmForge Division, Dept. PE 
155 WN. Wacker Drive 
Chicago, Illinois 


Please send me_______copies of your new catalog 


Name 

Position 
Company____ 
Street 


City_ . Zone State 





Illustrated is a fixed program, 4 switch unit. 


WHY you get more service 





from V-Belts with \concave 


Each sidewall of a Gates V-belt * 
is concave (Fig. 1) —a precisely sides 
engineered curve that makes 
V-belts last far longer. 


HERE’S WHY: on the bend around the sheave, the concave 
sides of a Gates V-belt fill out and become straight (Fig. 
1-A). Thus the belt makes full contact with the sides of the 
sheave, grips the sheave evenly. 

This even contact distributes wear uniformly across the 
sides of the belt. Uniform wear lengthens belt life; keeps 
costs down. 





TEST D Fig. 2-AR 


Bend a straight-sided belt 
(Fig. 2). The sides bulge at the 
bend causing uneven contact in 
the sheave groove (Fig. 2-A). Naturally, wear is greater 
at points indicated by arrows. Result: shorter belt life, 
increased belt costs. 


To cut down-time and V-belt replacement costs, specify belts that grip 
evenly and wear longer. Specify Gates Vulco Rope — the V-belt with con- 
cave sides. The Gates Rubber Co., Denver, Colorado — World’s Largest 
Maker of V-Belts. 


There are Gates Engineering Offices and Distributor — 
Stocks in all industrial centers of the United States \ 


and Canada, and in 70 other countries throughout Siem 


TPA 109A the world. 


Gates Vu Drives 
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valves. American Hard Rubber Co 
93 Worth St., New York 13, N. ¥ 


Circle 154, inside back cover 


Epoxy Resin Adhesives—Booklet, 11 
pp. Contains data on adhesives for 
metal bonding and honeycomb sand 
wich construction. Minnesota Mining 
and Mfg. Co., 423 Piquette Ave.. 
Detroit 2, Mich. 


Circle 155, inside back cover 


Gyrol Fluid Drives—Bulletin A-119, 
8 pp. Contains data on units in the 
74 through 800 hp range. American 
Blower Corp., Detroit 32, Mich 
Circle 156, inside back cover 


Iron Powders—Booklet, 14 pp. Con 
tains data and specifications on chat 
acteristics, strengths, iron sinters, iron 
copper mixes and bushings. Republi 
Steel Corp., 3100 E. 45 St., Cleve 
land 27, Ohio. 

Circle 157, inside back cover 


Precision Instruments and Servo Parts 

Catalog 11, 128 pp. Contains data 
and diagrams on gears, couplings, 
screws, bearings and pulleys. PIC 
Design Corp., 477 Atlantic Ave., I 
Rockaway, L. L, N. Y. 


Circle 158, inside back cover 


Screw Thread Inserts—Bulletin 748, 
4 pp. Contains data and diagrams. 
Heli-Coil Corp., Danbury, Conn. 


Circle 159, inside back cover 


Synchronous Induction Motor—Bulle 
tin, 4 pp. Contains data on unit for 
applications from } to 40 hp. Allis 
Chalmers Mfg. Co., 1002 S. 70 St., 
Milwaukee, Wis. 


Circle 160, inside back cover 


Letterhead Requests Only 


Manufacturers who publish following 
literature ask that requests for copies be 
made on company letterheads. 


Elastic Constants in Structural De- 
sign—Booklet 56, 30 pp. Contains 
data and charts on design with pat 
ticular application to titanium. Ti 
tanium Metallurgical Lab., Battelle 
Memorial Institute, Columbus, Ohio. 


Metal Shapes—Booklet, 24 pp. Con 
tains information on _ die-formed 
standard metal shapes. Commercial 
Shearing and Stamping Co., 1775 
Logan Ave., Youngstown 1. Ohio. 
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Illustrated is a fixed program, 4 switch unit. 
Actual dimensions: 24” wide, 3” high, 

4” long. Number of switches, motor speed 
and cam programs al! variable. 


Versatile, dependable, 


low cost 


Repeat Cycle Timers by 


BRISTOL 


Wherever a multi-contact timer with precision 
repeat accuracy is required, here’s the perfect 
combination! 


The unit shown is one of many Bristol timers 
combining a standard Circle B motor with cams 
and low-cost enclosed snap action switches. 


Applications are many and varied: they’re 
ideal for vending machines or home appliances ; 
industrial program controls or commercial tim- 
ing operations. And they can be assembled to 
customers’ individual specifications. 


Circle B Repeat Cycle Timers are available in 


MOTORS 


a wide selection of different speeds, cams and 
switch combinations. Normally, precut factory 
adjusted cams are used; for adjustability in the 
field, dual cams with set screws may be pre- 
ferred. Cam speeds range from 1 per second to 
1 per month, utilizing standard, high torque or 
reversible motors. Switches also vary to meet 
particular requirements. 


We'll be glad to supply full details on the com- 
plete top-quality line of Bristol Repeat Cycle 
Timers. You’re sure to find the one that’s suited 
to your needs! So just drop a card to the address 
below. 


BRISTOL MOTOR DIVISION 


VOCALINE COMPANY OF AMERICA, INC. 


COULTER STREET, OLD SAYBROOK, CONNECTICUT 


January, 1957 





NO REBORING~- 


NOW Taper-Lock Double Strand Sprockets 
are available—from stock—ready for the shaft without 
re-machining! 

They offer all the advantages of Taper-Lock mount- 
ing. Easy on! Easy off! Precision machined at the fac- 
tory, they come to you with accurate, concentric bores 
—insuring full contact between hub and shaft. Taper- 
Lock grips with the firmness of a shrunk-on fit! 


There is no flange, no collar, no protruding part. 
Flush design means safety...If the sprocket becomes 
worn, you replace only the tooth part. The bushing is 


ae iene, ind. 


TAPER-LOCK SPROCKETS 
SINGLE AND DOUBLE STRAND! 


used again and again. And Taper-Lock bushings are 
interchangeable in Dodge Taper-Lock Sheaves, Coup- 
lings and Conveyor Pulleys! 


Taper-Lock Sprockets and Dodge Roller Chain (made 
to ASA standards) are stocked by Dodge distributors. 
Single Strand sizes range from No. 40 to No. 160, up 
to 112 teeth; Double Strand from No. 40-2 to 80-2, 
up to 102 teeth. Write for Bulletin A-644 containing 
selection, installation and maintenance data. 


DODGE MANUFACTURING CORPORATION 
1200 Union Street, Mishawaka, Indiana 





TAPER-LOCK 
CHAIN COUPLINGS 


Accommodates com- 
mon minor shaft mis- 
alignments. Provides 
strong, compact coup- 
ling. Available with 
covers, for appearance, 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. 
Factory trained by Dodge, he can give you valuable help on 
new methods. Look for his name under ‘Power Transmission 
Machinery” in your classified phone book, or write us. 
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safety, dirt protection 
— and lubrication, 
which increases coup- 
ling life. 


January, 1957 
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Ad Libbing by the Editor 


One is reminded of the story of the 
three church members whe were ap- 
pointed as a committee to draw up a 
temperance resolution. All three of 
these men imbibed quite freely 

Ihe two young men on the com 
mittee of three were commiserating 
with each other over their woe. They 
could not figure out how they could 
draw up a temperance resolution and 
face their own families, let alone the 
general public. They had a wonderful 
reputation as convivial drinkers and it 
was with a feeling of dismay that they 
went to the home of the oldest of the 
three to draw up the temperance reso 
lution. 

When the two young fellows ar- 
rived at the older man’s home they 
were greeted with a big smile and 
a hearty welcome and the remark, 
“Why so glum?” The two young men 
explained that they couldn’t see how 
they could draw up a temperance reso- 
lution and still show their faces around 
town. They would be the laughing 
stock of everyone 

The old fellow told them to calm 
down because he had already prepared 
the temperance resolution and all they 
would have to do was sign it. And he 
guaranteed them they would be in no 
way embarrassed for having signed the 
temperance resolution that he had pre- 
pared. And thus the temperance reso- 
lution was signed. It stated, “We will 
do all in our power to keep others 
from drinking.” 

That is the way so many human ac 
tions go. There is always the urge to 
tell other people how to live their 
lives, what to do and what not to do. 
It starts at the cradle and it ends at 


~ 
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the grave. It applies in the family, 
in the town and in the nation. That 
damnable desire to manage the for- 
tunes and lives of others. 

One of the most pathetic instances 
that I have ever experienced happened 
to a young man, one of my students. 
I was supposed to be teaching him 
heat engines but it was obvious that 
he was learning practically nothing. | 
will call him John. In order to help 
him I asked him to come to my office 
after school hours and bring his heat- 
engines book along with him. Such 
was my usual procedure. By merely 
glancing through the book I could tell 
quickly whether or not the man had 
studied his lessons and whether or not 
he was interested in the subject. Any 
man who is interested in the subject 
and studies it will make notations and 
marks on the various pages as he pro 
gresses through the book. 

I was not surprised when I leafed 
through John’s heat-engines book to 
find that each of the pages was shiney 
and spotlessly clean. Indeed, many of 
them plainly showed that they had 
not even been turned. But when | 
looked at the fly leaves in the book | 
was quite startled 
cartoon of a professor, very obviously 
myself, at the blackboard attempting 
to explain an equation. Another fly 
leaf showed another professor in ac- 
tion. Then there were several other 
cartoons of a similar nature. And all 
were so well done that there was no 


On one I saw a 


question as to who the characters were 
that were depicted in the cartoons. 

I said something to John to the 
effect that because he was obviously 


(Continued on page 353) 


DODGE 
PRODUCTS 


you should know 


TAPER-LOCK 


ALL-STEEL 
CONVEYOR PULLEYS 


SC and SCM 


BALL BEARING 
PILLOW BLOCKS 


SEALED-LIFE V-BELTS 


Write for your copies. 
DODGE MANUFACTURING CORPORATION 
1200 Union Street + Mishawaka, Indiang 





MA 
PALMETTO G-T, RING 
@REATER 


PALMETTO G-T Rings are now available with 
remarkable “Sealsaver” backups—a development that 
does a perfect job of preventing the T-ring from ex- 
truding. These unique guards for the T-ring are cut 
from an exclusive fabric-reinforced sheet material 
developed and produced by Greene, Tweed. Even 
though they are relatively soft and flexible G-T Ring 
Sealsavers possess a tensile strength of 10,000 psi in 
both directions. They will not craze or fracture during 
installation or in service—enable the PALMETTO 
G-T Ring to withstand pressures higher than ever. 


THE GIST OF THE G-T RING 


CANNOT SPIRAL... 


The Palmetto G-T Ring, unlike an 
“O"-Ring, will not twist and turn 
in the groove. The “T"-form pre- 
vents spiral failure in dynamic 
applications. 


CANNOT EXTRUDE... 


Resilient “T'-section supported by 
“Sealsaver" non-extrusion rings on 
either side makes extrusion impos- 
sible. As pressure is applied “Seal- 
saver" rings are urged against wall, 
blocking path of extrusion. 


In designing for less costly, just as effective substitutes for 
Vee, Cup and Flange packings, many design engineers have 
discovered the many benefits PALMETTO G-T Rings offer. 
Now, with the “Sealsaver” innovation PALMETTO G-T Rings 
as a dynamic pressure seal for rod or piston 
applications cannot be matched for economy 
or effectiveness! Write for more particulars. 


Available from stock 


J.1.C.-NEMA Type 12 
PANEL ENCLOSURES 


All welded 
mounting enclosure. Seals 
feet j out oil, water, 
dust. 


External 
cover 
clamp 


Padlock 
hosp 


Baked 
enamel interior 
(white) 


Removable 
mounting 
panel 


These panel enclosures are strong, rigid, cleanly 
finished, and comply fully with J.1.C. and NEMA 
12 specifications. No knockouts, no holes to 
admit oil, water, dust. We have stock sizes at 
low cost for fast delivery. Or, we can make any 
size you want. We also make J.1.C. Wiring 
Boxes, Troughs, Push Button Stations and Rain- 
proof Power Outlets. Can we help you? 


STANDARD STOCK SIZES 
30” x 20" x6" 36" x 30” 
“x24 x6" = 42" x 30" 
"24" x8" 42 x 36" 
“x 24" x8" 48" x 36" 








s*Y rae 
set zy ENGINEERING 
o ue CORPORATION 


DEPT. PE-34, ANOKA, MINNESOTA 


Foster's AUTOMATIC Quick Detachable Coupler 


CUTS YOUR COUPLER COSTS 
ON HEAVY DUTY WORK 


Smaller and Lighter Than Most 
Light-Duty “ball-type” Couplers 


THE FOSTERMATIC 
“BULLDOG” GRIP 
“Dogs” are contoured 
to grip 41% of plug 
locking surface. 


*“*Dogs’’ instead of 
“balls” lock steel against 
steel... hold tighter, 
without leakage . . . posi- 
tioned by “floating steel 
carrier’’ which absorbs 
vibration of pulsating air. 
Chrome sleeve is of stress- 
proof, heat treated steel to 
withstand roughest treat- 
ment. The Fostermatic is 
right for 90% of all uses. 


, Send for New Catalog Data Book #10— No Obligation! } 


FOSTER MFG. CO., INC. 


2850 Gravois ° St. Lovis 18, Mo. 
FOS. 5356 Dept. 18-C 
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Sans, Souci continued 


so much more interested in cartooning 
than in heat engines, he should by all 
means develop his artistic ability rather 
than attempt to build a career as an 
engineer. And then he unfolded to 
me a most pathetic story. 

John’s father was a famous engi 
neer. He insisted that John should 
also study engineering and at the same 
university. And he also decided that 
John should take the same course that 
he had taken thirty years previously 
Now John had no aptitudes for engi 
neering. But he did love to sketch. 

Christmas vacation came and John 
went home to Philadelphia and asked 
his father for $25.00 to buy his girl a 
Christmas present. This the father re- 
fused to do, not because he didn’t 
have the money but because John had 
failed in many of his subjects at col 
lege. 

But John was determined to get 
money for his girl’s Christmas present, 
so he took a sketch pad and pencils 
and went down to the Bellevue-Strat 
ford Hotel in Philadelphia. He saw a 
voung couple coming through the 
lobby, stepped up to them and asked 
permission to make a sketch of them 
with no obligations for them to buy 
the result. He made such a sketch. A 
small crowd gathered around to watch 
the operation. The young couple liked 
the sketch and wanted to buy it. John 
sold it to them for $5.00. Immedi 
ately he had more customers and he 
continued sketching for $5.00 each un 
til the hotel manager chased him out 
of the hotel because of the congestion 
created by the crowd watching John 

John’s girl received a better Christ 
mas present than John had initially 
planned to give her. That is the story 
John unfolded to me. 

In the following spring John be 
came afflicted with that dreaded para 
lyzing disease called “sleeping sick 
ness.” He had to go home and he 
soon went to a hospital. He did not 
return to college until the following 
vear. It was a pathetic sight. The ray 
ies of the sleeping sickness were 
plainly visible. He had lost much of 
his reflex action. Why the father con 
tinued to insist on the boy studying 
engineering is impossible to analyze 
and diagnose. It was just the delusion 
of a misguided parent that compelled 
this boy to keep on studying subjects 
which he detested. It was not long 
before the whole problem was solved. 


(Continued on page 354) 
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Best low-cost way to incorporaft~™ 
variable-speed into machine designs 





ratig. Converts a 
constont-speead m 


voriable speed drive 


MAXIMUM TO MINIMUM OUTPUT SPEED POSITIONS 


REEVES. 


Vari-Speed Motor Pulley 


= Specify this easy, economical way to efficient and ver- 
satile use of the machines you design. REEVEs-equipped 
machines adjust immediately to a variety of production 
speeds, production processes . . . you substantially reduce 


design and capacity obsolescence. 


* 
§ ei Your REEVES representative will be glad to 
F. a 


work with you on the application best suited 
to your design. Offices in principal cities— 


or write direct for Catalog K28-V545. 


REEVES PULLEY COMPANY 
oiviion ot RELDANCE tascininete 


Columbus, Indiana 





je} ge) fo) AY ol = 


Bewemar Gircerare 


ice) tui, = 
finished 
product.... 





PETROCHEM (SOFLOW' FURNACE 
Perec Cum Deveroemant Commane 


> wes 


U. S. Radium panels, dials and nameplates are specified by engineers during product design and 
utilized extensively in development and manufacture. Design engineers choose USR components for 
quality, performance and versatility. 


EDGE-LIGHTED PANELS —U. S. Radium edge-lighted panels are designed for applications where 
uniformity of lighting, durability and legibility are primary requirements. All USR edge-lighted 
panels, knobs and knob skirts, prepared by the “Lackon"® process, exceed lighting, legibility and 
durability standards as set out in MIL-P-7788. 


PANELS — Metal or plastic panels are fabricated to customer specifications to meet a wide range 
of critical angular and dimensional requirements. Panels are processed by etching, lithography, 
screening or photo reproduction and are available in single or multiple colors with choice of finish. 


DIALS — Dials to meet virtually any shape or size requirements are manufactured by U. S. Radium. 
The company operates a complete facility for design and fabrication of units from a diversity of 
raw materials to meet a wide variety of applications. 


NAMEPLATES — Plates for identification, instruction or other similar application can be obtained 
in a number of different materials and finishes. 


CONSULTING —U. S. Radium Corporation has the staff skills and experience, as well as the design 
and production facilities to work with engineers on specific problems involving panel, dial and 
nameplate applications. Request literature from Department P-1. i, 


~ 


ae I a) 
UNITED STATES RADIUM CORPORATION, Morristown, New Jersey ( RAD tO 
4624 W. Washington Bivd., Affiliates " — A 
Chicago, lilinois CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont al 
5420 Vineland Ave., EUROPE: United States Radium Co i 
North Hollywood, Calif. Geneva, Switzerland. ee ea SOD CN, 


j 


354 





Sans, Souci... continued 


[he boy again had to leave colleg« 
because of the ravages of the sicknes 
and a few months later he died. God 
in his infinite wisdom 

Of course the case of John is not 
the only one of such situations that 
we see popping up again and again 
There are so many people who have 
the notion that they can impose thei 
will, their way of doing things, thei 
likes and dislikes, upon others. And 
the worst of these situations develop 
within the family where the doting 
parent attempts to compel his son to 
emulate him when there is neither the 
will nor the ability to do so 

And we can go beyond the family 
circle into society and we see the sam 
thing. Ardent prohibitionists demand 
the right to legislate the lives of oth 
ers. Because fluoridation is supposed 
to prevent tooth decay, irdent health 
fanatics demand that fluorine shall be 
idded to all drinking water, this in 
spite of the fact that an over dose of 
fluorine might be harmful and_ the« 
proposed dose has no beneficial value 
except in children. And if we were to 
tell those people that a far better pr 
ventative for tooth decay is to prohibit 
their children to eat candy or to re 
quire that the children brush their 
teeth immediately after cating cand 
the suggestion would be considered a 
in imposition. If it were suggested 
that children should drink an abun 
dance of milk and fruit juices, those 
same meddling individuals would raise 
their hands in holy horror, screaming 
that such legislation would be an in 
terference of their personal liberties 
It is wonderful how irrational the hu 
man animal can be. And it is some 
thing that must be kept in the fore 
front whenever anything is _ being 
developed for the use of humanity 

he desire for power can be bound 
less. “Drunk with power” is an apt 
expression that is only too true Do 
minion over time, space, all life on 
earth including fellow man, is an ul 
timate to which too many aspire, and 
none ever reaches. Even if the indi 
vidual never expects to exercise the 
power, he wants it, demands it, and 
takes it if he can get it. As an ex 
ample, the horsepower of the Ameri 
can automobile has been increased to 
the point of being almost ridiculous 
The unquenchable thirst for power, 
enough power to gloat over and use 
it or abuse it, as the whim might 
est —G.F.N. 
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You don’t have 


to shop around... 


A-L Stainless Steel 
is produced 


in every form 


Wm 


A, you may need 
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a copy of our 
PUBLICATION LIST 


ADDRESS DEPT. PE-85 


finish you want—from the finest wire to 
heavy plates, castings and forgings, in- 
cluding sheets, strip, bars, shapes, tubes 
—everything! 

That's not only handy, but advanta- 
geous: one reliable source, one undivided 
responsibility, one well-known standard 


For Stainless Steel in ALL Forms—call 


Allegheny ludlum 


Wew sooea Werehoyse stocks corried by all Ryerson Steel plants 


WW ATEVER your ssinies ste! require of quality and uniformity. 

ts may be, you can satisfy them Complete technical and fabricatiag data 

You ought to have with A-L Stainless. —engineering help, too—are ycurs for 
It's produced in any grade, form or the asking. Just keep it in mind to specify 


“A-L Stainless Steel"’ when you're in the 
market. And remember, wherever you 
use it, this time-tested stainless steel looks 
better, lasts longer, usually works out to 
cost you very much less in the long run. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


¥, 


need 
reserve 


...f0F a proper 


SPRING 


Often product engineers fail in the search 

for a proper spring because none meets exacting 
requirements for even distribution of energy 
and even flow of power. Reserve power is 
often the answer — reserve power such as is built 
into Sandsteel’s springs through a unique 
crosscurving process. The convex-concave 
construction furnishes more energy per wind and 
an even release from wind to unwind. Many 
engineers have found Sandsteel Springs the 
answer to their design problems. 


Talk to Sandsteel about your spring 
problems. Write for FREE LIT- 
ERATURE and CASE FILES. 


Dept. 45 


¥: mM SANDVIK STEEL, INC. 
aS Sandsteel Spring Division 
Fair Lawn, N. J. 
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SOLENOIDS 


G-211 solenoid, 10 Ibs. at 
85% voltage, 114” stroke. 


NA-726 solenoid; 16 Ibs. 
at 1” stroke, 100% voltage. 





G-200 line of solenoids. Re- 
placement for all sizes of 
General Electric Co.’s CR- 


NA-700 line of solenoids, 
replacement for National 
Acme solenoids, size for 


9503-200 line of solenoids. | size, for all modifications. 











The solenoids of both the above replacement lines are 
all thoroughbred Trombetta solenoids. All dimensions 
of interest to the user are the same as the respective 
solenoids they replace. The pull and pull character- 
istics are identical. In either case, we are in a position 
to furnish replacement units for any and all modifica- 
tions. They are available for all voltages and frequen- 
cies, including direct current. 

See our catalogs in Sweet's Catalog Service. Ask for 
more information. 


TROMBETTA SOLENOID CORP. 
329 N. MILWAUKEE STREET © M!LWAUKEE 2, WISCONSIN 
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LERMER PLASTIC CONTAINERS 
Help You Make Satisfied Customers 
They are shatterproof, assuring long life. 


They are 75% lighter than glass, effecting enor- 
mous savings in shipping. 


They are available clear or opaque in a multi- 
tude of lustrous colors. 


They can be handsomely decorated and printed 
during manufacture to carry your story. 


LERMER PLASTICS, INC. @2¢Scut" fs 


REPRESENTATIVES IN THESE CITIES: Rochester, Memphis 
Miami, Cincinnati, Columbus, Cleveland, Chicago, Detroit, Min 
neapolis, San Franciseo, Les Angeles, Toronto, Philadelphia 


AND SPECIALISTS WN PLAST 
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Germanium Rectifiers 


The semiconductor rectifier is best 
applied to electrochemical and re 
lated steady loads requiring a poten- 
tial below 250 v where regeneration 
is not involved. The mercury-arc and 
mechanical rectifiers find their best 
application in the electrochemical 
industry, where ratings of 250 v or 
higher are used. 

The power germanium cell is made 
from a 0.020-in. wafer sliced from 
a highly purified single crystal of ger 
manium. Ferni discs are soldered 
to each side of the water, On one sid¢ 
indium is a constituent of the solder 
Indium alloys with some of the ger 
manium create a barrier layer junc 
tion within the germanium wafe 
across which electrons flow more 
freely in one direction than the other 
When properly cooled, this rectifier 
can be used at current densities al 
most 1,000 times higher than selec 
nium and will withstand a mucl 
higher inverse voltage per cell than 
either selenium or copper oxide 

Forward voltage drop of a germa 
nium cell is low while the ratio of 
forward to reverse resistance is in 
the order of 1:400,000, which fa 
exceeds the ratio of most other metal 
lic rectifiers. ‘These characteristics pro 
duce high efficiency and low voltag: 
regulation. The rectifier cell has an 
efficiency of 98 per cent, when oper 
ated at maximum rated voltage. Oper 
ation at the high current density 
means that the rectifier active clemen! 
can be small. A germanium cell the 
size of a dime can rectify an average 
half-wave current of 83 amp when 
mounted on a properly cooled radi 
ating surface 

Although the losses are small, the 
heat generated in this small area 
must be dissipated rapidly. To dis 
sipate the heat and provide an elec 
trical connection, the cell is usualh 
mounted on a copper block with 
attached radiating fins. A flexible 
braid is provided for the second con- 
nection. High inverse-voltage ratings 
permit use of single cells in a full-wave 
bridge for d-c outputs to 75 v. 

When voltage greater than 75 is 

(Continued on page 358) 
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LOOK FOR RIVETS 
WITH A COMPASS 


Pg 


\ 


Ca 


A 


Draw a 300-mile circle around your plant -_ 


You’re almost certain to circle one of 
Milford’s five manufacturing plants! 


There's hardly a metalworking plant in the country 
that isn't within overnight trucking distance of one 
of Milford’s five manufacturing plants. And 20 sales 
offices add to the convenience of ordering and getting 
rivets when you need them NOW! 


To improve product appearance and strength 
to take full advantage of automatic assembly 
... to cut delivery time and production costs 


—get in touch with Milford first! 


MILFORD 


THE MILFORD RIVET 
& MACHINE CoO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 





for 


HIGH-TEMPERATURE 
SERVICE to 500° F — 
1000° F —1500° F 4 


RESISTANCE TO 
CORROSION by 


Acids — Caustics — Salts § 


RESISTANCE TO 
ABRASION by wet 
or dry grit, silt, etc. 


with 
NON-MAGNETIC 
PROPERTIES, elec- 


trical conductance, etc. 
SPECIAL SHAPES 
AND SIZES, iow 


torque, ultra precision.. §@ 


WE MAKE bearings to these and 
other special requirements, in exper- 
imental and production quantities. 
We've been doing that for years, for 
well-known firms. So if you need 
special anti-friction bearings for any 
application, let’s talk it over. 


FREE 32-page 
Bearings Bulle- 
tin tells factors 
involved in 
special bear- 
ing applica- 
tions — de- 
scribes our 
work in 

this field. 


May we 
send you a copy? 


INDUSTRIAL TECTONICS, Inc. 
3672 Jackson Rd., Ann Arbor, Michigan 
18306 Santa Fe Avenue 
Compton, California 

PRECISION BALLS AND 


SPECIAL ANTI-FRICTION BEAR 








Abstracts . continued 
required two individual power supplies 
are connected in series, giving a max 
output of 150 volts. Individual cells 
can be operated in series for higher 
output voltages. Where output ratings 
higher than 150 v are required, series 
operation of cells is more economical 
than the use of multiple transformer 
windings. 

The earliest installations were 
forced air cooled; liquid cooling was 
later adopted to obtain maximum 
output in minimum space. When 
liquid cooled, 24 cells are usually 
arranged in a tray filled with an in- 
sulating liquid. A standard water- 
cooled heat exchanger removes the 
heat. 

A recent improvement in cell de- 
sign has produced the hermetically 
sealed cell which greatly increases 
cell protection against moisture and 
eliminates the insulating coolant. One 
mounting type utilizes a block of 
aluminum with prongs in direct con- 
tact with cooling water. The alumi- 
num mounting doubles as a cooling 
water pipe and electrical conductor. 
No heat exchanger is needed unless 
the available cooling water is corrosive. 

Sustained severe overload causes 
permanent cell damage; therefore 
high-speed current limiting fuses are 
installed in series with individual or 
pairs of cells. Each fuse has a com- 
panion trigger fuse, which provides 
visual indication and alarm when any 
fuse opens. 

When the primary a-c power is 
less than 1,000 v, transformers are 
installed in the rectifier cubicle. For 
higher voltages the transformer is a 
separate unit especially designed with 
secondary windings to suit the rec- 
tifer. An enclosed busway connects 
it to the rectifier cubicle. 

Electrochemical applications usual- 
ly require a wide range of rectifier out- 
put voltage adjustment. Sometimes 
manual adjustment by transformer 
taps or manual operation of an induc- 
tion regulator is sufficient. More 
often, the chemical process requires 
close regulation of output voltages 
or current over an adjustable range. 
Induction voltage regulators, step volt- 
age regulators, or load-ratio-controlled 
autotransformers, equipped with 
necessary automatic control features, 
are often supplied with a rectifier for 
a specific application. The saturable 
reactor is also widely used because 


(Continued on page 359) 
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Abstracts i continued 


it offers infinite adjustment over a 
wide range and is also adaptable to 
automatic regulation. For rectifiers 
rated less than 200 kw, the saturable 
reactor is often more economical than 
other methods, particularly where a 
wide range of adjustment is required 

After more than 5 years of life 
tests and 24 years of operation of in 
dustry, there is little sign of germa 
nium rectifier aging. Efficiency remain 
88 to 95 per cent, depending on 
operating voltage and auxiliary equip 
ment included. 


Abstracted from “Industrial Uses of Ger- 
manium Rectifiers” by R. M. Crenshaw, 
General Electric Co., San _ Francisco, 
Calif.; Electrical Engineering, Aug. 1956. 


High Speed Chain Drives 


Most of the advantages of the stand 
ardized series of finished steel roller 
ind silent chain, specifically designed 
and used for power transmission put 
poses, are well known. Some of the 
advantages are 

1. Transfer of power and motion 
without slippage 

2. Ability to absorb heavy over 
loads and shocks 

3. Center distances between sprock 
ets are not critical. 

4. Long spacing between sprockets 
is practical. 

5. Only reasonably good alignment 
is necessary for satisfactory operation 

6. Some degree of torsional rough 
ness can be tolerated. 

Transmission chain has one out 
standing characteristic, of which many 
designers have lately become aware, 
and are utilizing to full advantage 
This is the ability of chain, when 
fully protected against dirt and mois 
ture, and when properly lubricated, 
to develop very fine life and wear 
properties, often surpassing other 
types of transmission by surprising 
margins. 

The standard roller or silent chain 
is available in a wide range of sizes, 
and a size or “pitch” can usually be 
selected for any commercial speed 
requirement. It is a fact, however, 
that the published ratings of those 
medium and larger pitches of chain 
suitable for heavy loads exhibit very 
definite “cut-off” pointts for linear 
or pitch-line speeds of the chain, 
which limit these chains to drives 

(Continued on page 361) 
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© - STEP SPEED CONTROL 


WITH A 


Easy to install...simple to service! 

No troublesome protective relays! 

No flashing contactors! 

No complicated electronic adjustments! 














Specially designed for machines where frictiou. or torque is con- 
stant from high to low speed. Motor-generator set, controller and 
drive motor can be mounted independently, in any position. 


@ One control for all adjustments. 0 to 2400 RPM in 30 steps of 
80 RPM, forward or reverse. 


@ Totally enclosed Streamcooled construction ...vernier rheo- 
stat for infinite speed control between steps... jog switch for 
machine adjustments... reversing switch changes rotation... 
many other features. 


@ Ideal for use on conveyors, pumps, mixers, shaker screens, 
packaging machines, fans and blowers, farm machinery, gover- 
nor controls, similar machines. 


For complete engineering data 
write for Bulletin SP-600 


BALDOR ELECTRIC COMPANY 


4353 DUNCAN AVE. ST. LOUIS 10, MISSOURI 





@ marvelous miniature personal 
Portable Recorder incorporating the 
most modern components such as 
transistors. printed circuits, and 


Hartford Stee! Ball Co., 


Dictaphone 
achicves miniaturin 


thu wi alien 


Here is the 
NEW Dictaphone Dictet — 
Here is the 
versatile VERSA-TWIN 
bearing . . . custom-made 
by Hartford for the 
Dictaphone Dictet. 


VERSA-TWIN bearings. 


eeeeeeee 


Versa-Twin is a double-row ball bearing 
with high performance in which parts of 
the end product form the inner and outer 
races. Its unitized construction reduces toler- 
ance build-up, contributes to miniaturiza- 
tion, reduces parts required, simplifies as- 
sembly, and effects over-all economies. Two 
Versa-Twin bearings, one each on the 
take-up and pay-off spindles of the Dicta- 
phone Dictet Recorder have a most im- 
portant role in construction, operation, and 
production of this remarkable on-the-spot 
recorder. Versa-Twin permits Dictaphone 
engineers to unitize the mountings and the 
bearings into single functional parts in the 
Dictet. If you are designing a new product 
or re-designing an old one, Hartford en- 
gineers will assist in the application of 
Versa-Twin to your product. Technical 
literature promptly sent upon request. 


tford 


PRECISION BALLS « BEARINGS 
Inc., 3 Jefferson Avenue, W. Hartford 6, Conn. 


—from inlet to tip 


Now the superlative Master- 
gauge is available in a wider 
range of corrosion resistant 
tubes and sockets than any 
other pressure gauge. 

Check the adjoining list. And 
remember that tube socket and 
tip are fused into one piece by 
the exclusive Marsh “Cono- 
weld” process. 

Marsh alone combines the 
“Conoweld” construction, the 
copper-clad ‘“‘Marshalloy”’ case, 
the finer Mastergauge move- 
ment, the Marsh ‘‘Recali- 
brator’’, the new ‘“Safecase.”’ 
Ask for data covering your spe- 


SIX CHOICES 
of tubes and sockets 


4130 alloy steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with 416 stainless tip and 
socket. 

316 stainless steel tube 
with alloy steel tip and 
socket 

316 stainless steel tube 
with 303 stainless tip and 
socket 

“K"’ Monel tube with 
alloy steel tip and socket 








cific needs. 


MARSH INSTRUMENT CO., Soles offilicte of Jos. P. Marsh Corp.Dpt. 27, Skokie, lil. 
Marsh Instrument & Valve Co., (Can.) ltd. « 8407 103rd St., Edmonton, Alberta , Can 





The Best 
Decals Made 
are Meyercord 
Decals 


MEYERCORD 
Mamaplae VECALS 


Your trademark and brand names 


Help SELL 
are symbols of consistent high Your i Taeleltiai 
product quality. When prominent- 


ly and appealingly displayed on your products, they are confi- 
dence-building selling assets that improve your competitive 
position in today’s brand-conscious market. 

Meyercord Nameplate Decals identify and help move all types 
of products faster with trademarks that are attractive, colorful, 
uniform, legible, and durable. Meyercord Decal Namepiates are 
applied speedily and economically on your present assembly-line 

. for long or short runs. 

Our staff of skilled artists, photographers, typographers and 
color experts are ready to help you establish a strong selling 
identification for your product . . . at minimum cost per unit 
Let a highly-trained Meyercord Decal engineer show you how 
to add sales appeal to your product, while cutting nameplate costs. 


FREE! “Mark-it’’ Manual of Decal Nameplates 


Send today, on your company letterhead, for this valuable full- 
color guide to every industrial problem in marking, identifica- 
tion, instruction, and information. 


THE MEYERCORD Co. amen 


5323 WEST LAKE ST. 
wens VRMGANNOR CHICAGO 44, ILLINOIS 


Product Engineering — January, 1957 





Will stepped-up 
performance 
increase sales of your 
power equipment? 


Specify ONAN 


SHORT-STROKE, LONG-LIFE 


Model CCK 

12.9 HP. 2-cylinder 
opposed .. . 4-cycle. 
Gasoline-powered. 


Model AJ 

5.5 H.P. One-cylinder. 
Gasoline-powered. 
4-cycde. 


Onan short-stroke, air-cooled engines give 
you a combination of performance charac 
teristics which can add powerful selling fea 
tures to your engine-driven equipment. They 
are designed fcr continuous service . . 
to run hundreds of hours with minimum 
attention. Short-stroke, low-friction design. 
extra-large bearing surfaces, Stellite-faced 
exhaust valves, solid Stellite exhaust valve 
seats and many other long-life features give 
you a big premium in trouble-free service 

Onan engines are compact in all dimen 
sions, light in weight, smooth running and 
easy starting. They deliver full rated power 
even under a variety of adverse conditions 

If stepped-up performance will sell more 
equipment for you, you can build in this 
extra saleability with Onan engines at no 
extra cost. Write us or call. 


D. W. Onan & Sons, Inc. 


4052 Univ. Ave. $.E., Minneapolis 14, Minn 


Lightweight, air-cooled 


Onan Diesel engine 





Model DRP 

Two-cylinder, opposed. 
15 HP. ot 2300 RPM. 
4-cycle. Solid injection, 
full Diesel. Electric start- 
ing. 12-volt generator. 
Full pressure lubrication. 
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of low or moderate 
minute. 

This paper defines the factors 
which create these speed limitations, 
and shows what has done in 
the form of correctional measures to 
raise this speed ceiling, making avail 
ible for high-speed, high-horsepower 
ipplications, chain drives which in 
compactness, efficiency, and quietness 
are more comparable to heavy duty 


revolutions pet 


been 


precision gearing 


Abstracted from “High Speed Chain 
Drives,” by N. C. Bremer; presented be- 
fore American Society of Mechanical En- 
gineers, Oct. 25, 1956. 


Design for 
Fine-Pitch Wormgearing 


This standard is intended as a design 
procedure for fine pitch worms and 
wormgears. Fine-pitch wormgearing 
is segregated from coarse-pitch worm 
gearing because fine-pitch wormgears 
are used largely to transmit 
rather than Tooth strength 
except at the coarser end of the fine 
pitch range, is seldom an importan‘ 
factor. Durability and 
they affect uniform 
angular motion, are of greater impor 
tance. 


motion 
powe! 


accuracy, as 
transmission of 
Housing construction and 
lubricating methods are generally radi 
cally different in fine-pitch wormgear 
ing. Also, because of their small 
size, profile deviations and tooth bear 
cannot be determined to th« 
those of 
coarse-pitch worms and wormgears. 
This standard worms and 
wormgears with axes at right angles, 
comprising cylindrical 


ings 


same degree of accuracy as 
cover;rs 


with 
helical threads, the wormgear being 
hobbed for fully conjugate tooth su: 
faces. It 
gears used as wormgears 


Worms 


include helical 
The stand 
ard is limited to the case where the 
hob for producing the gear is a coun 
terpart of the mating worm in regard 
to its tooth profile number of threads 
and lead. The hob dimension differs 
from the worm principally in that the 
outside diameter is larger to allow 
for resharpening and to provide bot 
tom clearance in the wormgear 


does not 


Abstracted from “Design for Fine-Pitch 
Wormgearing,” by American Society of 
Mechanicai Engineers, 29 W. 39 St., New 
York 18, N. Y. American Standard De- 
sign for Fine-Pitch Wormgearing (ASA 
BG), Sept. 1956. 


ATTENTION! 


MECHANICAL 
ENGINEERS 


HERE ARE 


TIONAL 
EXCEPT NITIES 


@ we need Mechanical Engineers 


... not only for design work... 
but men who are also capable of 
working up to the Project Engi- 
neer level in our organization. 


@ we are looking for mechanical 


men with some experience in 
small mechanical or electro- 
mechanical equipment. 


de There are positions at all levels 


for such work as packaging elec- 
tronic equipment, making vibra- 
tion analyses, designing light 
weight structures, etc. We are 
advancing our own mechanical 
men in electronic work, but we 
need you, too. 


Please air mail your quolifica- 
tions or send the coupon today. 


W. C. Walker, Engineering Employment Mgr. 
Pacific Division, Bendix Aviation Corp. 
11626 Sherman Way, North Hollywood, Calif. 


1 am interested in this engineering field__ 
| am a graduate engineer with____ degree. 


1 am not a graduate engineer but have —— 
years experience 


(00. 
RGR ene 
—————————E 


Zone__ State — 
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Ce 
For the top three floors of the beau! new 
Socony Mobil office building in New York 
City, we furnished more than 40,000 sq. ft. of | 
perforated stainless steel wall panels. 


from Sky Scrapers 
to Spin Driers 
and Juke Boxes 


What do YOU require in Perforated 
Metal? 


Already there are thousands of estab- 
lished applications and new require- 
ments are developing every day 

in such fast growing fields as Air Con- 
ditioning, Atomic Energy, Aviation, 
Chemical Processing, Electronics, 
Household appliances, 

Noise Control, Smoke 

Abatement, Space Heat- 

ing, etc. 


We produce metal sheets ae 
and parts with any de- 

sired type or size of per- 

foration and have hun- 

dreds of specialized tool 
arrangements, to assure 

prompt, accurate service 

at competitive costs. Cat- 

alog 39 contains com- 
plete working data and 
shows many interesting 

applications in its 32 

large illustrated pages. 

Write, today, for a free 

copy. 


DIAMOND MANUFACTURING CO. 
Box 40 SX SM'NS PENNA. 





West Coast Plant, Diamond Perforated Metals Co. | 
17915 So. Figueroa $t., Gardena, California 
Los Angeles Areo 
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NEW 
BOOKS 





Bibliography of 
Product Planning and 
Development 


Frep A. Rornupercer, Research Li- 
brarian, 6 x 8 in., approx. 50 pp., 
paper bound. Published by New 
Product Digest, Inc., P. O. Box 582, 
Austin, Texas. 

The entries in this 
bibliography are selected to function 
as a reference to books, pamphlets, 
and periodicals pertaining to business 
problems encountered in product 
planning and development. 


innotated 


The Engineering Industries 
in Europe 


A study by Machinery Committee, 


Office of European Economic Coop- | 


eration, 64 x 94 in., approximately 210 


pp. Available from OEEC Publica- 
tion Office, 2000 P St., N. W., Wash- | 


ington 6, D. C., $1.50. 


An account of the economic trends | 
in the engineering industries of OEEC | 
member countries during the period | 
covered are | 
Austria, Belgium, Denmark, England, | 


1952-1955. Countries 


France, Germany, Holland, Italy, 
Norway, Sweden and Switzerland. 


Taken as a whole, the group of | 


OEEC member countries experienced 
a sizeable rise in productivity over the 
years studied. Even more magnificent, 
the rate of increase in 1954 and the 
first half of 1955 was markedly steeper 
than in previous years. 


Expansion in production was great- | 


est for transport equipment, output in 


1955 being 50 per cent higher than in | 


1952. 

Durable consumer goods accounted 
for one fifth of total production of 
engineering industries in 1955. 


has increased at a more rapid rate 
than production of 

goods. 
Worker productivity has increased 
as shown by the fact that employment 
(Cotinued on page 364) 





Pro- | 


duction of consumer goods since 1952 | 


non-consumer | 


© Since 1926 @ in the applica- 
tion, design and mfg. pumps — 
separators — hydraulic accessories. 


EQUIPMENT FOR 
FLUID POWER 
TRANSMISSION 


What's 
your 
problem? 


V higher pumping 
speeds? 


V tolerance of 
particle-laden 
liquids? 


V peak suction for 
primary pumps? 


the Kraissl-50 
Roller Pump 


is unmatched for depend- 
able performance on every 
one of those counts. 


Bulletin A-1330 has full 
data . . . write for it. The 
roller - rotor design easily 
handles particles that would 
jam more tightly fitted 
mechanisms — reduces cavi- 
tation, allowing higher 
speed operation* — devel- 
ops high suction character- 
istics. 


Roller mechanisms permit 
higher speeds with any oil 
than most displacement 
designs. 


(a KRAISSL& 


289 Williams Ave., Hackensack, N. J 
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At No Extra Charge 


->>A MAJOR IMPROVEMENT 


IN LUBRICATING SPHERICAL ROLLER BEARINGS 











Originally, lut 


1 Titling 





NOW. the lubricant i: 
rol nial cealeltttiale 


felgeles [- isle Mr Muilelaallsl-1e Mel, 


the center 
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Nobody but SKF Offers This to You 
on Spherical Rolier Bearings 


Once again &KF offers another important innovation 
in spherical roller bearing design. Available in spherical 
roller bearings 140 mm (5.5118”) O.D. and larger, this 
feature represents a still further improvement to the 
proven SKF Type “C” Spherical Roller Bearing. 


The new design allows the lubricant to enter at the 
center of the bearing and move outwardly — completely 
covering all working surfaces. Old lubricant is flushed 


away from the bearing and, with it, any abrasive dust, 
dirt, moisture, or other impurities. 


You can use this improved bearing in your existing 
housings simply by moving the lubrication fitting to 
the center. 


Here again is an example of how SKF helps you to 
obtain longer bearing life, at no added cost. Send for 
Bulletin No. 443 for complete details. 7781 


EV ERY TYPE—EVERY USE 





i Ball Bearings 


it 


Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 





*Reg. U.S. Pat. Of. Tyson Searing Corporation 
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( WEST VIRGINIA SPECIAL SECTIONS 


did the job for 


2 


BezzA 


The channels of Yale 
Industrial lift trucks 
are rolled to specifi- 
cation by West Virginia Works 


Steel in use cost reduced 
30% over previous methods 


West Virginia Works of Connors Steel Division was 
able to produce a hot rolled section to the exacting 
Yale specifications. This cut the cost of specially 
rolled channels 30%. 


You may have a manufacturing problem that 
West Virginia engineers can solve by designing 
special sections to your own specifications and 


tolerances. 
Write or contact 


West Virginia Works, Connors Steel Division, Huntington, West Virginia 


Write or Call for FREE 
ENGINEERING CONSULTANT Service! 


WEST VIRGINIA WORKS 
CONNORS STEEL DIVISION 


H. K. PORTER COMPANY, INC. 
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New Books continued 


bles in rupture tests of notched bars 

This report, second in a senes, is 
subtitled: “Analysis of Notched 
Bar Rupture Life in Terms of 
Smooth-Bar Properties. Part I: “Pre 
liminary Studies of the Influence of 
Relaxation and Metallurgical Vari- 
ables.” 


Directory of National 
Trade Associations 


Jay Jupxins, Chief, Trade Associa 
tion Div. 8 x 10} in., paper bound, 
37 pp. Published by Superintendent 
of Documents, U. S. Government 
Printing Office, Washington 25, D. C. 
$0.40. 


A directory of over 2,000 national 
trade associations and related organi 
zations of businessmen gives the 
mailing address and name and title 
of the key executive. An index fa- 
cilitates the location of associations 
in particular product or service fields 
Designated by symbols in the new 
directory are 950 organizations of 
manufacturers and 350 distributors. 
Among larger classifications are 250 
national associations in the construc- 
tion and building materials field and 
230, each, in the food and textile 
industries. 


Mechanics of 
Roller Chain Drive 


R. C. Binver, Professor of Mechani 
cal Engineering, Purdue University, 
53 x 84 in., 204 pp. Published by 
Prentice-Hall, Inc., Englewood Cliffs, 
N. J. $5. 


This book treats a roller chain 
drive under both static and dynamic 
conditions and contains theoretical 
and mathematical studies covering 
such subjects as basic force relations 
occurring in a chain joint, relative 
velocity and impact between a chain 
roller and sprocket when the chain 
meshes with the sprocket, and effects 
of sprocket tooth design. 

Additional factors analyzed are: 
angular velocity variation in sprockets, 
joint frictional losses, vibrations of a 
span of chain as well as the path 
which a chain takes in progressing 
from one sprocket to another sprock- 


(Continued on page 369) 
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recision "O” Rings protect the Heart 
of Hydraulic Power Steering Systems. 






Precision “‘O" Rings provide positive hydraulic 
oil seal in this 1500 P.S.1. Mobile pump in a 
temperature range up to 160°F. Quality control 
in “O" Ring manufacture protects this heart of 
@ power steering system. 


Precision “O” Rings 





There can be no compromise on quality and reliability in hydraulic 


power steering pumps. Micxtss Incorporated, of Detroit, Mich., the world’s in LEREEE: constant delivery vane type pumps, 
used on Industrial machinery, Precision *‘O" 


Rings are used in pump, unloading and pres- 
to assure dependable, long life performance under exacting conditions. sure relief valve sections to provide effective 
seals against hydraulic oil leakage. 


largest manufacturer of fine hydraulic pumps, use Precision “O” Rings 


Precision “O” Rings are used in the majority of Wiekers mobile and in- 
dustrial hydraulic pumps. For Wiextss Incorporated and hundreds of other 
manufacturers, the use of Precision “O” Rings means economical, efficient, 
leak-proof operation. 

Precision compression molded “O” Rings are rigidly inspected — 
quality-controlled — meet all military and commercial specifications — the 
finest made! Precision can furnish the size and compound that fits your 
product requirements. 





Place your sealing problem in the hands of an expert-—the Precision , ' 

In Micktrs variable delivery piston type pumps, 

used on Industrial machinery, Precision ‘‘O" 

world’s largest exclusive producer of “O” Rings. Rings give exacting service in sealing against 
hydraulic oil pressure up to 3000 P.S.1. 


engineer. He can assist you in product design. Rely on Precision, the 


Writew our free copies of Precision catalogs on “O” Rings and Dyna-seals 7 


recision Rubber Products 
Corporation » “O” Ring and Dyna-seal Specialists 





Dept. 3, Oakridge Drive, Dayton 7, Ohio Conedian Plant ot: 
Ste. Thérése de Biainville, Québec 
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Your customers get... 


PERFORMANCE that stands out 
STAMINA that stands up 


1 you specify 


4 WISCONSIN Heavy-Duty J 


4in- Cooled ENGINES 


Whether you design and build 
farm or construction machinery, 
oil-field or railway-maintenance 
equipment, truck refrigeration 
units, irrigation pumping units, 
or any of the many other types 
of equipment that depend on en- 
gine power, you're always right 
when you rely on Wisconsin 
Heavy-Duty Air-Cooled Engines. 

Supplied in a3 to 36 hp. range, 
you get the power unit that 
matches the input requirements 
of your job and machine precise- 
ly. Your equipment is powered 
for peak performance and effi- 
ciency — without underpowering 
or overpowering. 

And Wisconsin basic High 
Torque design provides the de- 
pendable load-carrying Lugging 
Power that keeps the job moving 
through the shock-load pinches 
as well as maintaining a high 
power level under constant-load, 
continuous operation. 

Rugged, inbuilt Stamina is 
another basic characteristic of all 
Wisconsin Engines because of 
their heavy-duty design and con- 
struction in all details, including 
such features as tapered roller 
bearings at BOTH ends of the 
crankshaft; rotary type high ten- 
sion outside magneto; pump-cir- 
culated lubrication even on the 
smallest models . . . plus efficient 
AIR-COOLING at all tempera- 
tures from low sub-zero to 140° F. 

When you specify Wisconsin Engine 
Power your good judgment is backed 
by over 2,200 Wisconsin Authorized 
Service Stations in the U.S. and Can- 
ada and in 82 foreign countries. Write 
for “Spec."’ Bulletin $-195 and tell us = = 
about your power problem. Material Handling 


Farm Service 





Construction Service 





Oil Field Service 





WISCONSIN MOTOR CORPORATION 


M WAUKEE 46 Ww 


CONSIN 





368 






LOW COST + EASY TO INSTALL 


‘PUSH-PULL 


REMOTE CONTROLS... 


You'll find that Arens Push-Pull controls offer the 
simple and low cost answer to control operation of 
light to heavy load action over long or short distances. 

Standard Arens Controls for most applications are 
available with a variety of control heads, casings and 
end fittings. Special controls can also be designed to 
meet specific requirements. 


Write For Complete Information and 42- 
page illustrated remote control catalog. 


ARENS CONTROLS, inc. 


2013 Greenleaf Street, Evanston, Illinois 











REPUBLIC 


VALVES 


INDUSTRIAL «+ CHEMICAL + AIRCRAFT 


10,000 psi WORKING PRESSURE 
FORGED BODY 


One-piece, stainless steel, forged body and 
stem guide, with no brazing or welding 
can’t leak or come apart. Has 
j many uses in water, gas, oil, 
and vacuum service 

Proofed at 25,000 psi for 
10,000 psi working pressure, 
to 200° F. Semi-needle stem 
of hardened stainless steel 
Available with graphited as- 
bestos or Teflon packing 











Easy grip handle. Panel mounting. Female 
pipe connections, sizes 4” up to 

Ask for new catalog No. 654, showing en- 
tire line. 


Distributors in principal cities coast to coast 


CHECK RELIEF PLUG GLOBE NEEDLE 


Sis 5 i 
REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD «+ CLEVELAND 11, OHIO 
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New Books continued 


et and possible organization of power 
capacity relations on the basis of 
wear, vibration and impact The 
book was initiated by Diamond 
Chain Co., Inc., 402 Kentucky Ave. 
Indianapolis 7, Ind 
be obtained from this source 


Copies can also 


Past Examinations for 
Professional Engineer 
Joun D. Constance. P. E., 11 x $4 
Published by 
, 625 Hud 
Park, N. | 


in., 70 pp, loose-leat. 
John D. Constance, P. I 
son Terrace, Cliffside 


$2.00 


Best method of studying for the 
cngineering license examination must 
include a review and at least partial 
vork-through of questions from past 
xaminations. A complete file of a! 
three parts of the New York State 
vears 194 


he C iva lable n 


examinations for the 
through 1956 are 


one convenient packag¢ 


National Reference Guide 
For the Patent Field 


Green Leaf Guide 1956-1957 edition 
6 x 9 in., 71 pp. Published by Field 
Publications, Port Washington, N. 


~ 


Ss 


An exhaustive list of companic 
to which new patentable ideas may 
be submitted for possible develop 
ment and marketing. Special symbols 
to differentiate 


panies to whom the most new patent 


are used those com 
were assigned during a recent period 


In addition. symbols indicate com 
panies that 


recelving new 


interest in 
listed 


have shown 


ideas in fields 


of interest 


Tentative Specifications 
On Welding Materials 


Published by American Welding So 


ciety, 33 W. 39 St., New 
N. Y., and American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. $0.40 each 


ASTM A AWS A5.13 
56T covers straight length bare and 
covered 


York 18, 


399 561 
welding rods fo 
use with the oxy-acetylene 
metal-arc 


surfacing 
inert-gas 
(non-consumable _ elect 
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SEALING COMPOUNDS based on “Thiokol” Liquid Polymers safeguard these aircraft 
electrical connectors from dangerous malfunctioning. (Minnesota Mining & Mfg. Co.) 


POTTING ELECTRICAL CONNECTORS 
WITH “THIOKOL” LIQUID POLYMERS 


Flowable synthetic rubber guards against corrosion, fouling 


Electrical connectors are now sealed 
against moisture, solvents and contamina- 
tion with new potting compounds based 
on “Thiokol” Liquid Polymers. 

These compounds come in paste form 
and are pressure-flowed into voids around 
components or wiring. They cure at room 
temperatures to tough, resilient rubber 
with good dielectric properties. Their ex- 
cellent adhesion to metal, glass and plastic 
maintains a tight seal despite severe vibra- 
tion and temperature cycling. 

Compounds based on “Thiokol” Liquid 
Polymers are widely used for critical seal- 
ing applications such as aircraft connec- 
tors and guided missile components. In 
recent tests of various types of aircraft 
potting compounds, those based on Liquid 
Polymers were found far superior to all 
others. 

“Thiokol” Liquid Polymers, the base 





“Thiokol’’ Liquid Polymers provide: 


e Room temperature cures 

e Lower shrinkage 

¢ Good dielectric properties 
Resistance to solvents, oils 
Excellent adhesive properties 
Low temperature flexibility 
Good tensile and tear strength 











for these compounds, are synthetic rub- 
bers in liquid form that cure to solid 
rubbers without shrinkage at normal work- 
ing temperatures. Once cured, they remain 
firm and rubbery at temperatures from 
65° below to 275° above zero. 


Many uses for polymers 


Besides sealing electrical connectors, 
“Thiokol” Liquid Polymers are now used 
in making poured-in-place gaskets, sealing 
aircraft cabins and wing tanks, casting 
molds, patterns and printers’ rolls, and in 
weatherproofing buildings. They are con- 
stantly solving new problems in product 
development and design 

Perhaps “Thiokol” Liquid Polymers can 
fill some of your product needs. For more 
information, see Sweet's catalog or write: 
THiokoL CHEMICAL CORPORATION, 784 
NortH CLINTON AVE., TRENTON 7, N. J. 
In Canada: Naugatuck Chemicals Division, 
Dominion Rubber Co., Elmira, Ontario. 

(Thiokol Chemical Corporation sup- 
plies “Thiokol” Liquid Polymer as a raw 
material. Sources of suitable compounds 
will be supplied on request.) 


Thioko€: 


PIONEER MANUFACTURERS OF 
SYNTHETIC RUBBER 
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24.830 successful 
installations! 


EASTERN D-11 CENTRIFUGAL PUMP 

Why is the D-11 so successful among original equipment manufac- 
turers? Size and weight make it ideal. The D-11 is the smallest, close- 
coupled, single-stage centrifugal pump available with an induction 
type motor. Eighteen pounds of compact design (9%4” x 456”) make 
it excel in industrial and process equipment, as well as laboratory 
service, and pilot plant operations. 


SPECIAL METALS 

A full selection of metals make the D-11 and other Eastern Centrif- 
ugal Pumps versatile performers. Available in 18-8 Type 303 and 
Type 316 Stainless Steel, Monel, Hastelloy “C”, Cast Iron and Bronze, 
Eastern Pumps range from “sth to % H.P. with capacities up to 70 
G.P.M., pressures to 65 P.S.1. 


For complete specifications on all Eastern 
Centrifugal Pumps, request Bulletin 120-L 


INDUSTRIES, INC. 


100 Skiff St., Hamden 14, Conn. 


New Books continued 


rode carbon-arc, and atomic hydro 


gen welding proce 1) ecihi 


cation also covers straight length bare 


| and covered surfacing electrodes for 


use with the shielded metal-arc weld 
ing proce 

ASTM = B_ 304-56T-AWS A5.14 
561’ covers bare filler metals (weld 
ing rods and electrodes) for the weld 
ing of nickel and high-nickel alloys 
containing more than 50 per 
nickel by the oxy-acetylene, atomi 
hydrogen, inert-gas metal-ar non 
consumable electrode), inert-gas met 
al-arc (consumable electrode), ana 
submerged arc welding processes 

ASTM A _ 398-56T-AWS AS5S.15 
56T covers welding rods for oxy-acety 
lene and carbon-arc welding, and 
covered electrodes for shielded metal 
arc welding of cast iron, including 
gray cast iron, malleable iron, and 


some alloy cast irons 


Machinists’ Ready Reference 


WEINGARTNER, Ann Arbor, Mich 

x 6 in., 139 pp Published by 
Prakken Publications, 330 Thompson 
St., Ann Arbor, Mich. $1.50 


Handy little volume containing 
nearly 100 selected reference tables 
and charts covering mathematical in 
formation; drills; tapers; screw threads; 
milling, shaping, turning; gears; an 


weights, gages, and tolerances 


National Standards in 
A Modern Economy 


Edited by Dicxson Reckx, University 
of California, 6 x 94 in., 372 pp 


Published by Harper & Brothers, 49 
E. 33 St., New York 16, N. Y. $5 


In commemoration of the deatl 
in 1954 of Dr. Paul C. Agnew, ai 
editorial committee has asked over 
thirty experts to write a series of 
articles on various phases of th 
standards movement The articles 
have been carefully planned to covet 
the history and present status of stand- 
irds here and abroad as well as the 
implications of their use in a mas 
production economy. 

The most impressive feature of 
the entire standards movement is 
the quality of self-regulation inherent 

(Continued on page 371) 
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New Books continued 
in the creation and successful appli 
industrial 
neers and manufacturers tend to be 
standards. Inventors, scientists, engi- 
intensely individualistic people and 
the effort and cooperation required 
in the development of effective stand 
ards is monumental. 


cation of scientific and 


We are reaping 
‘he fruits of that effort today since 
without these standards mass produc 
tion as we know it 
impossibility. 

However, standards may also be 
dangerously restrictive. When applied 
to consumer products they may con- 
stitute a form of trust and laws have 
been enacted to protect the consumer 
though it is a tribute to industry 
that anti-trust laws are rarely resorted 
to for this purpose. Standards may 
also obstruct new developments whose 
appearance had not been anticipated 
and machinery for the amendment 
and revision of atiquated standards 
is necessary if progress is to continue 
Certainly legitimate complaints have 
been recorded but the phenominal 
speed with which new inventions and 
developments have reached the con 
sumer in recent years is a testimonial 
to the versatility of our standards 
and standards organization. 

This book is an informative and 
stimulating review and so many in 
dustries are covered in detail that few 
readers can fail to find specific refer 
ences of special interest. 


would be an 


Standards on Rubber Products 


6 x 9 in., heavy paper cover, 746 pp. 
Published by American Society fo1 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa.. ASTM members 


$4.40, non-members $5.75. 


Every ASTM standard relating to 
rubber and related products is in 
cluded in this compilation. The 
volume contains in their latest forms 
91 methods of tests, 38 specifications, 
23 recommended procedures, and 6 
definitions. Of these, 33 are recently 
revised standards. 

Included in the volume are pro 
cessibility tests, chemical tests for 
vulcanized rubber, physical tests for 
vulcanized rubber, aging and weather- 
ing tests, and low temperature tests. 
Standards for automotive and aero- 
nautical rubber, packing and gasket 

(Continued on page 373) 
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4-POINT HOLDING 


POWER 


PRESTOLE’S Superior Design 
MOTOR MOUNTING 
BRACKET! 


Among the numerous advantages of this new 
Prestole product are its greater holding power, 
simplicity of design, ease and speed of assembly, 
and low initial cost. Jt eliminates three parts 
formerly used in mounting motors. Where the 
holding power formerly depended on the variable 
tightness of a screw, Prestole’s Motor Mounting 
Bracket, with exclusive 4-point grip on the motor 
mounting ring, maintains the same, constant 


holding power indefinitely. 


Under long and continuous engineering torque 


tests, the Prestole Motor Mounting Bracket 
withstood thousands of motor starts with no in- 
dication of slippage or loss of holding power. 
Prestole’s high-speed production methods and 
modern facilities assure fast delivery of this new 
product to meet your production schedule. Con- 
sult your local Prestole representative or write 


direct to the factory for full engineering details 


STOLE 


1319 MIAMI STREET . 
PRESTOLE OF CANADA . 


1. One-port assembly. 


2. Quick, sure fastening. 


3. 4-point holding power—with- 
stands severe starting torque. 


TOLEDO 5, OHIO 
OAKVILLE, ONTARIO 


SEND ENGINEERING APPLICATION DATA ON PRESTOLE MOTOR MOUNTING BRACKET 


To: 
Neme__ 


Comeeay——_.. 
Street 


peidiaan 
Zone 


State 

































won---- Armstrong ------ 
EPOXY RESIN ADHESIVES 


Armstrong epoxy resin adhesives are formulated for those 
difficult bonding problems involving such rigid materials as 
|metals, ceramics, wood, glass, hard rubber and thermo- 
setting plastics. Equal results are obtained when bonding 
these materials 
either to themselves 
or to each other. Ten- 
sile shear strengths 
up to 4,500 P.S.I. 
with steel and 3,000 
|P.S.1. with alumi- 
}num. Curing can be 
| accomplished at room 
| temperature or with- 
in one hour at 200° 
| F. with only contact 
pressure. 
Standard grades 
available to meet 
practically every bonding problem involving the materials 
mentioned above. Test prove the A-1 as a general purpose 
adhesive having exceptional all around mechanical proper- 
ties, or the A-6 formulated specifically for aluminum, copper 
|and copper alloys. WRITE FOR FREE 16-PAGE BRO- 
CHURE. Describes and gives technical data on the complete 
line of Armstrong epoxy resin adhesives. Also includes in- 
formation on epoxy resins for potting, casting and laminat- 
ing work. 

SEND FOR TRIAL KIT. Trial Test Kit shown above, in- 
cluding activators, 31.00 each, F.0.B. Warsaw, Ind. Sent 
postpaid in U. S. or Canada if remittance accompanies 
order. Each kit contains a generous portion of a specific 

grade. Please state application or grade desired. 


N recovers F ARMSTRONG PRODUCTS CO. 


WARSAW, INDIANA 


CONAX 


EXPLOSIVE VALVES 





















. j PATE 
ATENTS. 
ex PENDING 











ire ‘ails- The CONAX E XPLOSIVE VALVE is a light-weight valve that 
rea \ete de Operates instantaneously upon the firing of'a small, completely 
comp contained explosive squib. The “ Normally Closed” model pro- 







vides dead-tight shut-off before firing and may be used for long 
term storage of gas or liquid under high pressure. Weighs only 5 
ounces... releases in .002 seconds ... operating pressures to 6000 
Psi... proof pressure to 10,000 psi... ZERO LEAKAGE ar 10,000 
TLY ENGINEERED PACKINGS psi...smallest possible envelope size. 


sanceicive Write for Catalog 5501-XV 


f RA NAAN ANANANAAAAAT AAA 








EXPLOSIVE PRODUCTS DIVISION 


omen. 7.) Guetel-o-el-2 Ganen 


LINEAL 


E ROAD & LEVICK ST., PHILADELPHIA 35, PA 





’811P SHERIDAN DRIVE, BUFFALO ri Py Pe - 
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New books continued 
materials, hose and belting, tape, 
electrical protective equipment, rub 
ber coated fabrics, insulated wire and 
cable, and hard rubber are also includ 
ed. Various standards for latex foam, 
sponge and expanded cellular rubber, 
rubber adhesives, rubber latex and 
non-rigid plastics are also to be found 
in the compilation 


Standards for 
Circuits and Components 


RS-161, 7 pp, $0.70; RS-162, 3 pp. 
$0.30; RS-164, 5 pp, $0.50; RS-165 
8 pp, $0.80; 84 x 11 in., paper bound 
Published by Radio-Electronics-Tele 
vision Manufacturers Assn., Engineer 
ing Dept., 11 W. 43 St., New York 
36, N. Y. 


Standards designated RS-161. RS 
162, RS-164 and RS-165 cover, re 
spectively, ceramic-based printed cir 
cuits, tests for such circuits, fixed 
paper dielectric capacitors, ceramic 
dielectric capacitors Physical and 
electrical characteristics are given, t 
gether with performance standards 


Engineering Societies 
Directory 


84 x 11 in. paper bound, 35 pp 
Published by Engineers Joint Council, 
29 W. 39 St., New York 18, N. Y 
$3.50 

The directory lists all local, re 
gional and national engineering soci 
eties. Contains name and purpose 
of each organization, as well as the 
name and address of its secretary 
It will be revised and re-published 
periodically in revised form. 


Manual for 
Rating Motor Fuels 


6 x 9 in., 192 pp. Published by 
American Society for Testing Mater 
ials, 1916 Race St.. Philadelphia 3 


Pa. ASTM members $5, non-member: 


SO./5 


This manual was prepared by 
ASTM Committee D-2 on Petro- 
leum Products and Lubricants (1 
to revise and bring up to date the 
ASTM methods for determining the 
knock characteristics of motor fuels 
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DOUBLE PITCH CHAINS 


become more popular 
with every application 


Double pitch chains are becom- 
ing increasingly popular for ap- 
plications where a precision roller 
chain is required and where cost 
is an important factor. 


Acme’s double pitch precision 
chain is available in standard steel 
and in a stainless steel line up to 
and including 1%” pitch for con- 
veyors in the packaging, aircraft 
and many other industries. Stain- 
less steel provides the greatest 
resistance to corrosion, which is 


an important factor in these in- 
dustries. 


If you use continuous process ma- 
chinery in textile, agricultural, 
building, material handling, food 
processing, bottling or other 
fields, you should insist on Acme 
precision built double pitch roller 
chain. Acme stands up to your 
performance expectations. 


Available from stock at your 
Acme distributor. 


FREE CHAIN CATALOG 


Write Dept. 1-J for your 80-page copy of Acme’s 
latest catalog. Packed with valuable chain 
data. An indispensable chain reference. 


Call 


acMé 


for Service 


aio 


ACHUSETTS 








There’s a dependable 


) 
Seas fi 
Seago 
“e 


Si 


V fF ClAlAiL 
4 ‘ 


® ng 


. 
» 


DINELE 
for every electrical circuit 


These electrical connectors are designed and built to 
provide maximum performance under the most rugged 
operating conditions. 

Well recognized for outstanding characteristics of 
resistance to moisture and vibration, these connectors 
are provided in a variety of AN types. 

Our Sales Department will be glad to furnish com- 


plete information on request. *Trademark 


THM, SCINTILLA DIVISION OF 


SIDNEY, NEW YORK 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y; 


FACTORY BRANCH OFFICES: 
117 E. Providencia Avenue, Burbank, California « 512 West Avenue, Jenkintown, Pennsyl- 
vania « Stephenson Building, 6560 Cass Avenue, Detroit 2, Michigan « 5906 North Port 
Washington Road, Milwaukee 17, Wisconsin « American Building, 4 S. Main Street, 
Dayton 2, Ohio « 8401 Cedar S$ He s Road, Dallas 19, Texas « Boeing Field, Seattle 8 
Washington « 170 fi" Street, N. W., Washington 6, D. C. 


IF YOU SIT HIGH, YOU'LL 


NINE (Cramer 
HI-MODEL CHAIR 


COMPLETELY ADJUSTABLE 
+. fits YOUR build just right 


























e Scientifically planned in 
each detail, the Cramer Hi- 
Model has thick shaped- 
foam cushions and inde- 
pendently-adjustable seat, 
back and footring to support 
you comfortably and aid you 
_ in your work. Removable 
») covers available in a wide 
choice of colors and fabrics. 


OVER 100,000 CRAMER HI-MODEL CHAIRS 
NOW IN USE ALL AROUND THE WORLD! 


LIKE MORE 


Cramer Posture Chair Co. Inc.,npt. Pe: 
1205 Charlotte, Kansas City 6, Me. 
fwese send complete facts on Cramer 
Hi-Model chairs tor working architects 
and oo. 








Cramer Hi- 
Model 4D-22T, 
pictured, with 
forward-tilt 
seat; others 
available, all 
low-gravity bal- 
anced for use 
ON CASTERS 
if desired. 
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AN “A” 
General Duty 





AN "E” 
Environment 
Resistant 








AN3057B 
Cable Clamp 


AN — 


Pressurized 





LIFE OF RECIPROCATING 


ROLLER BEARINGS EXTENDED 
6.75 TIMES 


WITH 


MOLYKOTE’ 


LUBRICANTS... 


This is but one example of MOLYKOTE’s 


effectiveness in industry. Here are others 


reduced starting friction by factor of 5 
in minioture precision ball bearings. (Field 
Report 32 
reduced to '2 the torque required to give 
4000 Ibs. tension in threaded connections 
Field Report 24-46 
allowed load increase from 3 H.P. to 5 
H.P. on worm gears of single reduction 
speed reducers. (Field Report 24-41) 
reased cycles from 28,000 to 700,000 
in tests on brass toper air valves (Field 
Report 4 
raised Oilite bearing life from 6 to 46 
hours. (Field Report 24-47) 
raised life to failure time from 120 to 
400 hours on sintered bronze bearings; 
reduced wear in 12 hour test from .002 
to .001. (Field Report 43) 


MOLYKOTE Field Reports are filled with 


thousands of these case histories. Write for your 


copies 
tion 


THE ALPHA MOLYKOTE CORP. 


but be sure to mention your applico- 


Mein Factorics: 65 Hervard Avenue, Stomford, Conn 


71 Arnulfstrasse, Munich 19, Germany 
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ft: 
precision 


PRESSURE 
REGULATORS 


14 modeis to meet 
almost all industrial needs 


Send for catalog 


Now available from the Stratos 
Industrial Products Branch are 
two complementary lines of pneu- 
matic pressure regulating valves. 


The pilot-operated GovERNAIRE: 
very high flows are regulated by 
small signals in these self-con- 
tained, pilot operated models. Up 
to 250 psi supply pressure, pipe 
sizes from 4% to % NPT. 

LA 


Drift-free, lever 
set model 3500 


a 

The direct acting KENDALL: also 
available in a wide flow range, 
these force-balanced types are 
designed for operation at up to 
250 psi supply pressure. Pipe 
sizes from % to % NPT. 


STRATOS 


INDUSTRIAL PRODUCTS BRANCH 
A divisionof Fairchild Engine and Airplane Corp. 
Route 109, West Babylon, N. Y. 
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New Books continued 
by the research and motor methods, 
and (2) to better serve users of 
ASTM knock test engines by provid 
ing six appendices, presenting by word 
and picture, factual information and 
data on the operation and mainte 
nance of the knock testing equip- 
ment. Methods are: Standard Method 
of Test for Knock Characteristics of 
Motor Fuels, by the Motor Method 
(D 357), and Standard Method of 
lest for Knock Characteristics of 
Motor Fuels by the Research Method 
(D 908), commonly referred to as 
the Motor and Research methods. 


Metal Powder Assn. 
Proceedings 


6 x 9 in., paper-bound, 130 pp. Pub 
lished by Metal Powder Assn., 130 W. 
4? St., New York 36, N. Y. $3. 


The proceedings includes all tech 
nical papers, illustrations and discus- 
Some of the topics included 
follow: “Age Hardenable Brass Alloys 
through Powder Metallurgy”; “Re- 
placement of Castings by Powder 
Metallurgy”; “Application of Powder 
Metallurgy in Nuclear Engineering”; 
Powder Metallurgy in the Electrical 
and Electronics Industries”; “Panel 
Sintered Structural 
“Influence of Lubrication 
Surface on the Pressing 
Metal Powders”; 
“Aluminum Powder Metallurgy Prod 
“Ceramic-Metal Friction Ma 
terials”; “Manufacturing and Appli 
cations of Heavy Alloy”. 


sions. 


Discussion on 
Materials”; 
and Die 
Characteristics of 


ucts”; 


Bibliographic Survey of 
Corrosion 1952-1953 


84 x 11 in., 382 pp. Published by Na 
tional Association of Corrosion Engi 
neers, 1061 M & M Bldg., Houston 
2, Texas, non-members NACE-$12.50 
members NACE-$10. 

Summaries of 3344 corrosion and 
prevention articles, books 
and brochures published in 1952 
1953 are compiled in this volume. 
Material was selected from bulletins 
published by more than thirty ab- 
stracting agencies representing inter- 
national literature coverage. 

Abstracts are arranged in eight 
main groups: general, testing, charac 


corrosion 


(Continued on page 376) 


PERFORATED 
MATERIALS 


He 


Utility - Beauty - Economy 
FOR TOMORROW'S PRODUCTS 


A MEDIUM OF 
LIMITLESS 
APPLICATIONS 
Designers are discov- 
ering an ever-increas- 
ing range of applica- 
tions for perforated 
materials. For func- 
tional or decorative 
purposes, or where a 
combination of both is 
essential, H & K per- 
forated materials are 
used in more products, 
in more accessories, 
in more places than 
ever before. 


REDUCES 
TOOLING COSTS 
Design, pattern and 
open area for almost 
every application may 
be selected from our 
thousands of perforat- 
ing dies—at no charge 
for tooling. (Tools for 
special deaigns can be 
built to order.) 





MATERIALS 
PERFORATED 
Harrington & King can 
perforate practically 
any metallic or non- 
metallic material that 
can be obtained in 
coils, sheets or plates 
. . » from foil-thin to 1° 
thick. 
H & K engineers will 
be pleased to work 
with you on your re- 
quirements. 


See our catalog in Sweet's 
Product Design File. 


Listed Under 
“Perforated Metals” 


Fill in and mail coupon to 
the nearest H & K office. 


Pe ge? 


arrington & 


PERFORATING CO. 


Inc. 


sew York Office and Warehouse 
104 Liberty Street 
New York 6, N.Y 


Chicago Office and Warehouse 
5617 Fillmore Street 
Chicago 44, il! 


Please send me— 

a GENERAL CATALOG NO. 62 

[_] STOCK UST of Perforated Stee! Sheets 
NAME 

TITLE 

COMPANY 

STREET 


ciTy ZONE STATE 
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NOW! A NEW PEAK 
IN 








hes next to impossible to demagnetize 
Stackpole Ceramagnet® (ceramic) permanent 
magnets under any condition of use! Magnet- 
ism is permanently retained even in the pres- 
ence of strong opposing fields or when the 
magnets are used without “keepers” or other 
short-circuit conditions. 

Ceramagnet magnet energy product is 
adequate for practically any need. Non-critical 
ceramic materials are used exclusively. Elec- 
trical resistance approaches infinity. Eddy 
losses are practically nil. Permeability of ap- 
proximately 1.0 is about that of air. 

In most applications requiring relatively 
large sizes or intricate shapes, Ceramagnet 
Magnets show important cost savings. 






































Present and potential uses include: 


LATCHES @ DRIVES @ POLE PIECES @ DOOR CHECKS 
SHUNTING CONTACTORS @ MAGNETIC CHUCKS 
MOTOR ROTORS @ TOYS @ METERS @ RELAYS @ OIL 
FILTERS @ COUPLINGS @ SMALL GENERATORS @ MAG- 
NETOS @ ION TRAPS @ H-F ALTERNATORS @ REGULA- 
TORS @ FOCUSING or DEFLECTING for cathode-ray tubes 
... and dozens of other applications. 


WRITE FOR CATALOG RC-10A 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


4 POLES ON ONE FACE 


As in this typical magnetic drive 
unit, Stackpole Ceramagnet per- 
manent magnets may be magne- 
tized in various arrangements with 
4-6 or even 8 poles on one face. 


won-macwenc A SEALED MAGNETIC DRIVE 


—— Ceramagnet assemblies offer 


unique possibilities as drives and 
clutches, including sealed appli- 
cations where unquestioned mag- 


MEMBER netic permanency is a ‘‘must"’. 





2S /i AAA LL SF » 


The Permanent Magnets that are REALLY PERMANENT 


Magnetic Permanency! 





New Books continued 


teristic corrosion phenomena, corro 
sive environments, preventive meas 
ures, materials of construction, 
equipment and industries. 

his is the fifth in a series of NACE 
bibhographies on corrosion literature 
Che preceding four volumes, covering 
1945 through 1951, contained 12,414 
bstracts. 


Electric Motors and Controls 


53 x 9 in., 278 pp. Published by 
British Electrical Development Assn.. 
2 Savoy Hill, London, WC2. $1.25 


This book describes the variou 
types of a-c and d-c electric motors 
ind explains why a particular typ 
is chosen when maximum producti 
ity, with economy, is required. It 
reviews the applications of electric 
power in a wide range of industries, 
ind indicates the best use of the 
electric motor and associated control 
gear for economy of operation and 
increase in productivity. Various 
tvpes_ of control equipment, their 
functions and applications for sem: 
ind automatic controls are included 


Numerical Integration of 
Differential Equations 


A. A. Bennett, W. E. MILne and 
Harry BATEMAN, 5#x§8 in., 108 PP, 
paperbound. Published by Dover Pub 
lications, Inc., 920 Broadway, New 


York, 10, New York. $1.35. 


This report discusses the theory of 
numerical integration of differential 
equations. A prerequisite is the theory 
of restricted numerical tables and cer 
tain topics connected with interpola 
tion and quadrature, matters treated 
in Chapter One of this report. 

Chapter Two, “Successive Approxi 
mations,” seeks to provide the his 
torical and logical setting for the 
fundamental limiting processes used 
repeatedly in numerical integration 
ind for related developments. 

Chapter Three, “Step-by-Step 
Methods of Integration,” expiains the 
technique effective in dealing with 
ordinary differential equations. In this 
chapter, the historical and _biblio 
graphical order of treatment is sub- 
ordinated to the expositional type of 
resentation; a considerable number 

(Continued on page 377) 
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New books continued 


of illustrative examples are included, 
on the theory that numerical processe 
are more readily grasped by means of 
examples than by abstract discussion 
The treatment is limited strictly to 
numerical methods, although many 
graphical or semi-graphical methods 
have been developed for step-by-step 
integration 

Chapter Four, “Methods for Partial 
Differential Equations,” discusses th 
rapidly widening application of meth 
ods based upon numerical differences 
where more than one independent 
variable is involved. Commercial engi 
neering and mathematical physics 
alike are calling ever more insistently, 
for methods of solution for certain 
problems, admittedly intractable un 
der such elementary naive devices as 
assumed simple closed analytic for 
mulas for the solution 


Thin Films of 
Polytetrafluoroethylene 
As Lubricants and 
Preservative Coatings 
For Metals 


PB 121161, V. G. FrrzStmmons ANnp 
W. A. Zisman, 8 x 104 in., 30 pp 
paper-bound. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C 
$1 


When Teflon is applied as thin 
films to hard subsirates, it produces 
a dry, chemically resistant, all-wea 
ther, lubricant. Coefficient of fric 
tion between two such Teflon films 
is 0.04 to 0.05 through a temperature 
range of -50 C to 230 C. Techniques 
for applying the film have been de- 
veloped and tested on various kinds 
of military equipment, and are de 
scribed in an appendix 


American Standard on 
Cap and Set Screws 


ASA B.18.6.2-1956, 84 x 11 in., 21 
pp., published by American Societ\ 
of Mechanical Engineers, 29 W. 39 
St., New York 18, N. Y. $1.50. 

his standard combines in a single 
document standards for the principal 
types of cap and set screws, except for 
socket head products (published in 
ASA B18.3-1954). 


(Continued on page 379) 
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FROM FOOTE BROS. 


ari-lount 
VARIABLE SPEED MOTORIZED DRIVE 








VARIABLE 
ADJUSTMENT 
RANGES FROM 
2:1 to 6:1 


STANDARD 


1 to 15 HP 


VARI-MOUNT—the new Variable Speed Motorized Drive offers infinitely 
variable speed selection, greater flexibility of operation, wide adaptability, 
easier maintenance and the sound design you expect from Foote Bros. 

With a Vari-Mount, you can use your own motor—old or new NEMA 
Standard—or, the unit can be supplied with any standard motor of your 
choice. The Vari-Mount Reducer incorporates Duti-Rated Lifetime Gear- 
ing with file-hard tooth surfaces and tough, ductile cores for maximum life 
and efficiency. 

Positive handwheel control of the adjustable pdlley permits pin-point 
accuracy in speed selection over the entire range. Vari-Maount Units may be 
equipped with Remote or Automatic speed selection devices if required. 

Spring loaded, self-centering Variable Pulley and close-coupled in line 
design insures permanent belt alignment, smoother performance, and 
minimum overhung load on motor bearing. No thrust load is imposed on 
motor bearings at any speed or during speed changes. 

Quick belt changes made possible by the wide-open design of the Vari- 
Mount, together with easily accessible lubrication fittings make mainte- 
nance an easy matter. 


3 TYPES 


HORIZONTAL or 


VER 
F 
MOUNTED UNITS 














OUTPUT SHAFT . 
VERTICAL OUTPUT SHAFT OUTPUT SHAFT OUTPUT SHAFT 


HORIZONTAL VERTICAL HORIZONTAL 


ity Want complete detai/s?...Write for Vari-Mount Catalog today 


arte, eee, FODTESBROS. 


industrial gearing made > 7 Belle Power Thantitisown Theough Baller fears 


T. M, REG. U. S. PAT. OFF. 





FOOTE BROS. GEAR AND MACHINE CORPORATION 


4575 SOUTH WESTERN BOULEVARD + CHICAGO 8, ILLINOIS 





O©CEGGOBO 


MORE 


CLUTCH LIFE 
TORQUE CAPACITY 
HEAT RESISTANCE 


“MORLIFE clutch 
hes gone 851 
hours without 
slipping or 
adjustment.” 


Far ag 


“MORLIFE clutch 
going strong 
after 1695 - 


working in 
sand.” 


se 


*“*MORLIFE 
clutches last 950 
hours longer, 

adjust- 


ihe 


“MORLIFE clutch 
needs adjust- 
mentoncea 
month, instead 
daily.” 


eo 


“MORLIFE ree 
quires lighter 
ys $x 
Designed especially for use in heavy- edivstments.” 
duty, high-speed engine equipped 
machines such as trucks, tractors, earth 
movers, graders, shovels, cranes, «morure puts 


dozers and oil field units— harder and lests 


Hew MORLIFE’ CLUTCHES 
and CLUTCH PLATES Give- 


MORE Clutch Life (400% MORE) 
MORE Torque Capacity (100°% MORE) 
MORE Heat Resistance (50% MORE) 


See this NEW type MORLIFE 

clutch at the Road Show in 

Chicago—or get full informa- 

tion how this clutch improves ea” her o 

el a. the operation of heavy-duty, unit thet isa't 
28-Feb. 2, 1957) Off-highway machines, by writ- eavipped with 


| ing Department E— oe aoe - 


ROCKFORD ga. 
Clutch Division 
BORG-WARNER 


209 Catherine St., Rockford, Ill. 


Export Sales Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 





PRODUCTION 


8. W. PRODUCTION 
MAKES IT AVAILABLE 


G8006068 





Light metals design tips 


(1) Magnesium case, as drawn; (2) trimmed to 10” depth; (3) finished product 
Advantages and limitations 
of deep drawing magnesium 


Deep drawing of magnesium often results in a more 
economical product even though initial per-pound material 
cost is frequently higher than for other metals. Many 
parts normally requiring 3-stage or 4-stage draws can be 
made of magnesium in a single draw. Dies can be made 
of low-cost cast iron or mild steel. 

In drawing rectangular parts, a depth equal to one 
and one-half times the width can be obtained. A corner- 
radius-to-depth ratio of 1:20 is considered maximum 
Deep drawn case in above photos is 10” deep, has % 
corner radii. For round parts, a 65% or 70% reduction 
can be obtained in a single draw. The following formula 
will help you calculate the approximate percent reduction 
on a circular part: 

J Reduction = Blank Diameter — Punch Diameter x 100 

Blank Diameter 

Whatever your light metals problem . . . count on 

Magcoa engineering counsel and fabrication facilities. 


MAGNESIUM COMPANY OF AMERICA 


LIGHT METALS FABRICATION DIVISION «+ EAST CHICAGO 27, IND. 








PAT. PENDING 


Satisfaction Guaranteed Or i 
Money Back TRIAL OFFER 
Thread 0. 


thread connections permanently against all TRU) SAL > at 
on pipe oF AS 


fitting no §=6s SEAL 5 
to seal under high pressures or vocuum; to messy pipe SIDE 7 


withstand —280° to plus 500° F.; to eliminate dope r 
needed) v4 

overtightening damage and pipe dope 

Available in Ye" to 24" pipe threod sizes 





2 OR Fittings ore guoranteed to seal pipe 


oils, practically all known chemicals and goses; 





— Thread pipe 
$10.00 Trial Offer No. 1: six Ye", ten | or fitting 
%,", six %”, eight Yo” thread wQaz _ threads 
as , eg 4," pipe eod jf ’ inte port 
Fittings. c Point in 
‘ i 

$10.00 Trial Offer No. 2: six Y%", ten Per 


%", four 1” pipe thread WOM Fittings. 
Send order to 


TRUQ)SEAL DIVISION 
2002-04 N. Hawthorne Melrose Park, tll. 
“Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. 
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New Books continued 

It represents the joint efforts of two 
Subcommittees of Sectional Commit 
tee B18, Subcommittee 2 having re- 
sponsibility for standardization of 
hexagon head cap screws and square 
head set screws, and Subcommittee 3 
having responsibility for slotted head 
cap screws and for slotted headless set 
SCTeEWS. 

Standard ASA _ B18.6.2-1956_ su- 
persedes in part ASA B18.2-1952, in 
which previous standards for hexago1 
head cap screws and square head set 
screws were published, and also su 
persedes in part ASA B18.6—1947, 
in which previous standards for slotted 
head cap screws and slotted headless 
set screws were published. 


Specifications for 
Some Welding Rods 
And Electrodes 


First specification (AWS A5.15 
ASTM A398) covering filler metals 
suitable for welding gray cast iron, 
malleable iron and some alloy cast 
irons has just been issued by the 
American Welding Society and thx 
American Society for Testing Mate: 
ials, 


Also published for the first time 
is a specification (AWS A5.13-ASTM 
A399) for welding rods and electrodes 
used for “hard” surfacing. 
such surfacing materials as high 
speed steels, austenitic manganese 
steels, austenitic high chromium irons, 
copper-base, cobalt-base, and _nickel- 
chromium-boron filler materials 


It covers 


Symposium on Impact Testing 


ASTM Special Technical Publication 
No. 176, sponsored by Committee 
E-1 on Methods Testing. 9x6 in., 
paperbound, 170 pp. Obtainable from 
ASTM, 1916 Race St., Philadelphia 3, 
Pa. $3.50. 


Presented here are 14 papers on 
various aspects of impact testing. In 
troduced by a general paper on the 
theory and practice of notched bar 
testing, the collection covers such 
diverse subjects as reproducibility of 
data, alloying effects on transition 
temperatures of various steels, new 
impact testing machines, shock test- 
ing of completed assemblies and im- 
pact properties of concrete. 
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for time and sequence control 


in automatic machinery ... 








STOP CYCLE 
DIAL TIMERS 


for accuracy ../ 
flexibility ... 
instantaneous reset 
Any one of 8 contact cir- 
cuits are manually selected 
on the by adjusting 
color slides Split- 
division setting with Ver- 
ier. Rated at 25 amps, 
115 volts a-c. Repeat ac- 
curacy: \% of 1% of range. 
“Vernier Set’’—13 ranges 
from 0-15 sec. to 0-60 hrs. 
**"Cycle Progress’’— 10 


from 0-120 sec. 
A to 0.60 hrs. 


ILDING BLOCKS 


for 


MACHINE AUTOMATION 


ELECTRONIC 
TIMERS 


for intervals from 


-02 to 30 seconds 


Direct time setting 
dial. Intervals unaf- 
fected by normal line 
voltage changes, vibra- 
tion, tube age, high 


humidity or tempe 





ture changes from 
B 0-100°F. 


MULTI-CIRCUIT PROGRAMMERS 


AND SEQUENCE CONTROLS 


custom built from standard parts 


Positive snap action. Completely 


flexible. 
justed. Rated at 
volts, a-c. 
of 1%. 


C Pneumatic 


TIME DELAYS 


positive acting... 
com pact...instan- 
taneous resetting 


For 1 or 2 loads. Ad- 
justable or fixed pe- 
riod. Rated at 10 
amps, 115 volts, a-c. 
Factory Mutual ap- 
proved. Twelve stand- 
ard ranges from .75 
E sec. to 30 min. 


Easily and quickly ad- 
15 amps, 115 
Repeat accuracy: % 


D Electric 


CONTROLLERS 


for economic con- 
trol of electrically 
heated equipment 


Eliminate power loss 
. control full ON 
time as percentage of 
one-minute cycle to 
proportion power in- 
put to load demand. Rated at 20 amps, 115 
volts, a-c. Twelve standard ranges from 0-15 
sec. to 0-24 hrs. 


What are your requirements? 


AUTOMATIC TEMPERATURE CONTROL CO., INC. 
Subsidiary of Safety Industries, Inc. 
5244 Pulaski Avenue, Phila. 44, Pa. 


Please send me literature covering: 


(A) Bulletin N-11 
(B) Bulletin N-97_ 
(C) Bulletin N-20 


NAME 


(D) Bulletin N-101 _ 
(E) Bulletin J-31 
(F) Bulletin M-11_ 





COMPANY 


STREET. 


city 


ZONE STATE 





IN CANADA: POWERLITE DEVICES, LTD., TORONTO, MONTREAL AND VANCOUVER 
, ALL OTHER FOREIGN: ATC EXPORT DEPARTMENT, 1010 SCHAFF BUILDING, PHILADELPHIA 2, PA., U.S.A, 
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Do you hear meaningless 
claims when you buy self-aging 
Aluminum Alloys? 


Federated Tenzaloy is the most widely used of all high-strength, self- 
aging aluminum alloys because it has the highest yield strength, and 
it has the best all-around combination of properties. Yield strength 
is the true measure of a metal’s ability to take punishment, regardless 
of other claims that are made. 


When you buy Federated Tenzaloy, you can be sure it will perform 
as well as its specifications indicate. Tenzaloy is produced under the 
supervision of ASARCO’s Central Research Laboratory, where refining 
and testing techniques control impurities to parts per million, if required. 


Hundreds of foundries and manufacturers use Tenzaloy where 
heat treating is impractical because of casting design or size. Hundreds 
more cast Tenzaloy because heat treating facilities are not available. 


Why not ask your Federated field man to tell you who uses this 
metal and how? He will be around to see you soon, and it will benefit 
you to talk to him. 


BB Sede“ Mal S&S 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 BROADWAY, NEW YORK 5, N.Y. 
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PUT £./7).,7/3 
IN YOUR DESIGNS 


TYPE F BLOWER 


quiet operation 
for small air currents 


Low in wattage, light in weight, 
neat in appearance, Type F 
Blowers are available as single 
or double units. Supplied with 
Type F 2-pole shaded pole in- 
duction motor. 15 watts, 115V 
AC, 60 cycle operation. Single 
unit has load speed of 3100 
rpm, 10 cfm. Double unit oper- 
ates at 3000 rpm, 20 cfm. 
Durable bakelite housing. 


Ideal for any application re- 
quiring small current of air 
and quiet operation — cooling 
electronic tubes in transmitters, 
induction heaters, diathermy 
equipment; for advertising 
displays, etc. 


Heinze blowers are also de- 
signed to your exact specifica- 
tions. Write Dept. F for catalog. 


ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass, 


HORSEPOWER MOTORS 
AND BLOWERS 
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OUR READERS 


Letters should be addressed to The 
Editor, Product Engineering, 330 
West 42nd St., New York 36, N. Y. 


Warning! Deadly Poison! 
To the Editor: 


It is suggested that your magazine 
publicize the facts about one of the 
deadliest, yet least recognized poisons, 
especially as it affects present practices 
in engineering departments through 
out the country. 

Apparently, the vapor from carbon 
tetrachloride frequently attacks the 
nervous system, kidneys, intestines 
and especially the liver. The damage 
may be done either through one 
heavy exposure or brief repeated ex- 
posures. 

According to an article by Lawrence 
Lader in the Oct. 1956 issue of Me- 
Call's Magazine, doctors believe that 
carbon tetrachloride can actually be 
absorbed into the system through the 
skin. “The vapor from one cupful 
in a poorly ventilated room has been 
sufficient to cause death’, according 
to Drs. H. K. B. Allebach and W. R. 
McPhee, who are quoted in the 
article. 

As you probably know, draftsmen 
and engineers use this vicious poison 
daily in generous amounts. They use 
the solvent to clean their triangles, 
Slide rules, drawing boards, straight- 
edges, drafting machines, instruments 
and the like. They even use the stuff 
to remove spots from their clothes 
and are never concerned about the 
liberal amounts of the liquid that con- 
tact their skin. In many drafting 
rooms, carbon tetrachloride is used 
freely, often in poorly ventilated 
rooms, and most engineering person- 
nel are unfortunately unaware of its 
danger. —Gegorce E. RowsorHaM 

Hartford, Conn. 


Trademark 


To the Editor: 

In the article “High Temperature 
Materialk—A Review,” which ap- 
peared in the Sept. 1956 issue, Table 


(Continued on page 384) 
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STRAINERS 
GASKETS 
ARRESTORS 





FILTERS 
SHIELDS 
BARRIERS 








TRAPS 
GUARDS 
SCREENS 


Just to name a few . . . and most of the parts we are making 
to special order don’t really have a name! Our real specialty 
is fabricated wire cloth parts, made to your specifications. 


Any metal, almosi any size, almost any shape... we can 
probably assemble it for you . . . faster, better and at a lower 


cost, than you can do it yourself. 


For more information, just send for our latest Fabricated Parts 
Catalog. 


= ewark 


f* ACCURACY aes ctet ire Cloth 


COMPANY 
351 VERONA AVENUE + NEWARK 4, NEW JERSEY 


NEWARK 
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NAME YOUR PROB 


AMERICAN SEAMLESS 


Easily installed, low-maintenance, long-life 
tubing of bronze, carbon steel, stainless steel, 
Monel, cupro nickel, brass and other workable 
metals solve most flexible connector problems 
involving steam, oil, liquids, gases, etc., under 
pressure; for absorbing vibration in rigid pipe- 
lines, connecting misaligned ports; for piping in 
limited space and service where there is inter- 
mittent or continuous flexing. 





Teflon hose 


Stainless steel wire-braid reinforcement 


PWast-taldels Mm alcl-meial-mmalcs 41°) iciedelalal-iaiclaniciaal--3 mie 


AMERICAN STRIPWOUND 


Combines all-metal streneth with extreme 
flexibility, permitting easy installation and 
handling. Made in bronze for conveying 
steam and water, in steel for conveying oil, 
tar, asphalt, etc.., and In copper, aluminum, 
carbon steel, stainless steel, and other metals 
for special applications. With or without 
wire braiding. 
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NOW! A Tough Material To — 
Introducing AMERICAN FLEXIBLE 







AMERICAN SEALTITE; 


Flexible, liquid-tight conduit. Protec- 
tive raceway for electrical wiring, made 
of a flexible galvanized steel core with 
tough extruded plastic jacket. Complete- 
ly liquid-tight, resists chemicals. Ab- 
sorbs movement, vibration, simplifies 
installation in tight spaces or wher 
there is offset. 








Meet Tough New PROBLEMS 
TEFLON HOSE 


Heat-resistant, corrosion-proof, lightweight Teflon* flexible hose absorbs vibration, 
takes up movement, simplifies offset connections and installations in cramped spaces 


FOR AIRCRAFT, GUIDED MISSILES AND ATOMIC 
ENERGY FIELDS. American Flexible Teflon Hose 
offers the double advantage of economy and longer 
life in many applications: fuel lines, oil lines, oxygen 
lines, hydraulic lines and others. 


Properties include complete tightness under high 
to fatigue, torsion and 
corrosion, light weight and capability of continuous 
service in temperatue range of—100°F. to 500°F. 


Unaffected by any known type of fuel, oil, or acid 


pressures, high resistance 


within the temperature range of the hose. 





FOR TOUGH INDUSTRIAL JOBS. American Flexible 
Teflon Hose promises long, economical service in 
many industrial applications. It is ideal where lines 


are subjected to outdoor exposure or attack by chem- 
icals, or where high temperatures are a factor—either 


in the material being conveyed or plant surroundings. 





HOW CAN YOU USE AMERICAN FLEXIBLE TEFLON 
HOSE TO REDUCE COSTS OR IMPROVE PRODUCT 
SERVICE? American Metal Hose engineers will be 
glad to consult with your engineers. Write for bulle- 


Contact American to solve problems of .. . 


VIBRATION 


CRAMPED SPACES MOVEMENT 
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OFFSET CONNECTIONS — 


tin TF-100, or call: The American Brass Company, 
Metal Hose Waterbury 20. 
Connecticut. In Canada: The Canadian Fairbanks- 


American Division, 


Morse Company, Ltd. 


56182 
*DuPont trademark for its tetrafivoro 


ge ReVER CONNECTOp. must wont 


AMERICAN 


FLEXIBLE METAL AND TEFLON 
HOSE AND TUBING 


AN 


ANACONDA’ 


PRODUCT 





SPECIALTY 
MANUFACTURER 

SAVINGS | 
SMALL PARTS 


FASTENERS 


Multiply these case histories a thou- 
sandfold and you'll get some idea of 
the variety of tough problems we 
crack, and the savings we effect for 

our cusfomers in the course of a 

year. 


Our cold-heading process—supple- 
mented by secondary operations— 
imposes amazingly few limitations 
on the parts and fasteners we can 
make. Don’t forget that we are 
not limited to “stock” sizes. These 
illustrations show that Hassall—a 
specialty supplier—can show 
you substantial savings, better 
deliveries and technical assis- 
tance on your small parts and 
fasteners. 


Proof? Send us your specifica- 
tions or write for catalog. 
John Hassall, Inc., P. 0. Box 


2233 Westbury, Long Island, 
New York. 





Cet 


Less costly manufacturing 
method for this small stain- 
less steel fluted pin which 
cost $19.20 per M as a 
screw machine product. 


HASSALL SOLUTION: 


Cold forming by Hassall at 
@ cost of $2.95 per M gave 
the customer an 85 % cost 
reduction on this part, 


| 








iy 


= NAILS, RIVETS, SCREWS 
SINCE 1850 = AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 


fete! 


Our Readers Say. continued 


I on page 189 refers to “Vitallium” 
and makes a comparison with aus 
tenitic steels. The word Vitallium is 
a registered trademark of Austenal. 
Inc., and therefore is not a generic 
term. This trademark is applied only 
to some of our dental and surgical 
products and can never be used cor- 
rectly in connection with any indus 
trial material—Cuaries A. CERAMI 

Austenal, Inc. 


To the Editor: 

The term Vitallium has been used 
on the continent as a generic term 
for cobalt-chromium-molybdenum 
tungsten alloys. In fact, the word has 
appeared in the title as well as the 
text of British papers. | was unaware 
that the word was a registered trade- 
mark of Austenal. A parallel case is 
the use of the word Duralumin, 
which is a registered trademark in 
England. —Enric A. BRANDES 

Fulmer Research Institute 


Ed—We are glad to be informed of 
the proprietary interest of Austenal 
in the trademark Vitallium as applied 
to the United States, and will make 
sure that any future use we make of 
the term will appropriately show that 
it is not a generic term. 


Rotary Sliding-Vane Pumps 


To the Editor: 

As we are regular subscribers to 
Product Engineering, we thought 
that perhaps you could help us in 
our search for a design handbook 
dealing with rotary-vane-type pumps 
Two articles were published in Prod- 
uct Engineering by a consulting en- 
gineer named Warren E. Wilson, in 
Oct. 1945 and Feb. 1946. Can you 
tell us whether Mr. Wilson, or any 
other person or group in the U. S., 
has written a book dealing specifically 
with the problems of rotary sliding- 
vane pumps for both hydraulic and 
pneumatic applications? If so would 
you kindly advise us of the references 
to these so that we can purchase 
them? M. Linpsey 

London, England 


Ed—Mr. Wilson did have a book pub 
lished in 1950, entitled “Positive 
Displacement Pumps and Fluid 
Motors.” Publisher of the book is 
Pitman Publishing Co. Another book, 


(Continued on page 385) 
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4, 
RAIN 


Motors,” by R. Hadekel, was pub 4 * 
; / sun\, 


lished in 1951, by Sir Isaac Pitman d | | ? : er ablt 
and Sons Ltd. This book is con é ay re ays H enn , sLING 


sidered a classic in its field 


Our Readers Say continued ® a a 
—— q a a > 
entitled “Displacement Pumps and do ou use time a SOs . YLIL 
em v ; 


HeRMEN the 


FUNGUS cm for 


SALT-SPRAY ” yearn? N 
Ring Springs : W HAY D 0 N 
é t 
To the Editor: y) 
During recent development work, Company 
ur design group has encountered wH fers a complete line of 
problems concerning spring designs. ADJUSTAB| HERMETICA 
We have found an article “Charac- \ wEO TIME DELAY REL LLY 
teristics of Ring Springs” by Tyler G /% Re AYS 
Hicks, which appeared in Product En “verse 
gineering (Jan. 1950), most interest 
ing. 
el ' . ’ , Write for Bulletin AWH TD401 
As a result, the follow ing question octiate aun eneniiaadinen 
have arisen. Is any additional infor- . poy Ly aay 7 
° . $ . ° Ny Series — vn 
mation concerning the application of eo h 24900 Series — 400 cycle units | 
the mentioned ring springs available? ——— 
Also, can you tell us where Mr. Hicks oe ay 


4 Hermetic Adjusting Knob 
can be located? Glass Window and Calibrated Dial 


=). 


> PRL 


—JoHn UNGVARSKY The 


na 
Windsor, Conn. Wustated chove ere « fow “* _— /A\.W-RIAYDON 


compact timers are designed to with- 

Ed—Copies of articles on springs irae aes ead eondideaien COMPANY 
which have appeared more recently ees Ce ee 
in Product Engineering are on their Design ond Menstoctere of flectre-Mecheaicel Timing Devices 
way to you. While they do not deal 
specifically with ring springs, you may 
find them helpful. You might also r z , 

contact the Edgewater Steel Co., Oak- esa 4 SHOCK PROTECTION 
mont, Pa. This company manufac > 
tures ring springs and undoubtedly 
will be able to assist you. Mr. Hicks 
is now with the McGraw-Hill Book Pennies invested 


Co. and is editor of engineering books. Thousands saved 


Unfortunately, copies of the origi- 
nal article are no longer available, ex- 
cept as photostatic reproductions at 
40¢ a page. 








ielamel-Jilechi-Mlslsiatisstalielitels 
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ee LEP GETEE, f 
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FL adhe 


jewels with resilient 
silicone rubber or spring 
cushions provide inexpensive shock 
resistance for any instrument. Bird 
provides variable cushioning to suit 
‘ “tj different operating conditions; 
Correction mountings to any specification; con- 
T TAs trolled movement of jewel 
lo the Editor: , 


yp 
v 


IM 


| 


Two errors occurred in Tables | 
and II of my article appearing in your 
Oct. issue, page 196, entitled “Apply- 
ing Single-Phase Capacitor-Start 


Bird Cushion Jewel Assemblies add the necessary 
safety factor to your instrument production, eliminat- 
ing waste and tear-down because of poor judgment 
in bearing adjustment 
= Let actual tests prove the superb performance of 
Motors. Bird Cushion Jewe! Assemblies. Send specifications 
In Table I, the heads under and sizes of jewel bearings you require. one will 
“T ya " send you samples for testing in your own plant 
Torque, lb-ft Locked Rotor Bird engineers are available for all your small 
Starting, Min.” and “Breakdown,”— bearing problems. 


should be interchanged. In Table II, 
the “Single Phase” and “Polyphase” 
heads should be interchanged. 


Corrected reprints of this article Go, 
are available from the author. Ge Ubi &€o., Inc. 
—J. D. Ausry Sapphire and glass jewels Precision glass grinding Jewel mounting and assembly Sapphire stylii 
Westinghouse Electric Corp 20 Spruce Street, Waltham 54, Mass. 


SSS 


Over 40 years of serving industry with Quality jewel bearings 
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enith 


HAS A WIDE RANGE 
OF CARBURETOR TYPES 


TO FIT A WIDE RANGE 
OF APPLICATIONS! 


Are you looking for an unusual size or type of 
carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 
has been designing and building carburetors for 
every type of engine—ranging from single 
cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 
you can use a unit Zenith is now making and avoid 
the cost of a specially designed carburetor. 

On the other hand, if your carburetor require- 
ments are highly specialized, Zenith’s engineer- 
ing experience will prove invaluable in solving 
questions of placement, efficiency and economy of 
operation. Just remember, whatever your carbu- 
retor problem, it will pay you to look to Zenith 
for the answer. ans. 0. 5. PAT. OFF. 


ZENITH CARBURETOR 
pivision oF B@MGpX 


aviation coaresation 


696 Hart Avenue, Detroit 14, Michigan 


MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 
Expert Sales: Bendix \nternational Division, 205 East 42nd Street, New York 17, N.Y. 


== lhrift-King 
THE Y Vedue CUSHION SEAT 


A 2-way valve seat for manu- 
facturers of lift-trucks, mowers, 
and many types of medium mobile 
equipment. Definitely adds “sell” 
— and improves work-obility. Full 
cushion foam rubber seat and 
backrest assure sustained comfort 
and operational freedom. 


——s 


FOR POWER MOWERS LIFT-TRUCKS—MOBILE EQUIP. 


Write For Details On America's Finest Line of Cushion Seating 


MILSCO MANUFACTURING CO. 


FACTORY AND MAIN OFFICE 
2756 NORTH 33RD ST. MILWAUKEE 45, WIS. 
SALES OFFICES: Tom Riley, 67 Long Lone, Upper Darby, Pa 


E. M. Wilson Engineering Co Harlan C. McKay Company 
915 Meridian Ave., S. Pasadena, Calif. 1901 N.W. 26th Ave., Portland 10, Ore 





STOCKED 


FOR IMMEDIATE DELIVERY 


ripLey BL.° BR Blowers 


Ripley's wide-range line of precis small blowers 
offers a selection with o variety of models 

one ideally suited for you pecific job. Designed 
to meet your most exactin requirements and 
stocked for immediate 

Why not let our engineer 

Complete facilities for fob 

blowers, motor-blower assemb 

tries. Estimates submitted prompt 

blueprints or specification 


WRITE FOR COMPLETE INFORMATION 
TODAY 


RIPLEY COMPANY, INC. 
MIDDLETOWN, CONN. 
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PRESS 
PREVIEWS 





GRC’s unique, patented method intercasts multiple-part zinc- 
alloy units with moving element n @ Single, automatic, 
time-saving, money-saving operatior even continuously 
interlocked assemblies (like chains No assembling. The unit 
eaves the machine—trimmed, ready for plating or immediate 


‘4 7 48 
= use 
2 : This INTERCAST technique is an ingenious refinement of GRC‘s 
exclusive method of small parts die casting—e method pro- 
viding broad latitude in design, close tolerance in production, 
profitable time and cost economies in quantities of 100,000 to 
Yeo many millions 


ae eh. ree 


Let GRC solve your problems n design in produc- 


Anechoic Vault and — tion. Send for fact-filled bulletin, samples and other informa- 
. . tion, TODAY 
High-Voltage Q> ( \ 


Test Center Opened 


World’s Foremost Producer 


of Small Die Castings 


Completion of Westinghouse Elex 
tric Corp.’s $13-million expansion GRIES REPRODUCER CORP. nelle 9 
program at its transformer division, | 159 Beechwood Avenue, New Rochelle, New York. NEw Rec . 


Sharon, Pa., has increased the di 
vision’s productive capacity for power 


transformers by more than 30 per ; 
cent. In addition, a new $3.5-million | SS, 


anechoic vault, and a high-voltage test 


; ' - Z 
center for transformers has been com : } T It 5 t i, 
pleted. “a i Ww! € es 
The expansion program, which <1 : h l f f 
started in 1953, i ' — are t e i e 0 your 


involved construction m 
of a new 200,000 sq ft steel fabricat- | _ A t t C t | 
ing shop, additions to eight other u oma ic Ontrols 
buildings totaling more than 150,000 
sq ft, and construction of the mod . Us 
erm test center. Although many com * SPER ‘ = hi eel-clad Durak, O 
mercial tests will be conducted in th« vercu ron has 
test center, it will be used primarily ‘ CTC 
as a research and development too! 
to aid in the designing of transform 
ers. The new anechoic vault, 70 ft 
long, 56 ft wide, and 57 ft high, can 
make complete sound measurements 
on transformers rated more than 


500,000 kva, and weighing more than : 
100 ¢ See telephone directory for local distributor, or write. 
ons 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


Aluminum Rolling Mill ALL- STEEL 


Kaiser Aluminum & Chemical f) MERC a RY 
Corp. announced that it will add ex- ul ra 0 1) 
tensive facilities for the production of 
(Continued on page 389) 
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UNGROUND 
BALL BEARINGS 


For All Industries 


ILIAN 


Long life and service are assured you because — 
1. All component parts are machined from steel bars. 
2. Each component part is properly heat treated. 
3. Every Kilian Bearing is designed for a specific application. 
Neoprene and Nylon tired outer races are avail- 
able where quiet operation is desired. 





Distributors in All Principal Cities Catalog on Request 


KILIAN MANUFACTURING CORP. 
SYRACUSE, NEW YORK, U.S. A. 


ASSOCIATED Kilian Manufacturing Corp. Fischer Bearings (Canada), Ltd. Kilian Steel Ball Corporation 
COMPANIES: (Canada), Ltd. 240 Fleet St. East, Toronto 2B, Ont. 100 Wellington St., Hartford, Conn. 
240 Fleet St. East, Toronto 2B, Ont. 








WHY COUPLING = How To Get Things Done 


Better And Faster 





HOMMEL |r 7 
CERAMIC aE ) 


AND ht 


CERMET 


PROTECTIVE COATING 











pl for I transmission 
of power or co ol of movement between 
part ated close ogether in a piece of 
equipment It is not a separate type 
lexible shaft but rather an added applica 
tion of flexible shafting 


PROTECTIVE COATING The coupling can be composed of either 


power drive or remote control flexible shaft 
ing although the latter is generally used due 


FOR METALS to the added advantage of its ability t 


rotate both clockwise and counterclockwise 


SUBJECT TO HIGH aoe Wake tow tneben apart. coupling may BOARDMASTER VISUAL CONTROL 
a oe a wet ae ai Gives Graphic Picture — Saves Time, Saves 


gardiess of their rela 
TEMPERATURE Money, Prevents Errors 
2 i | t 
‘or example, the diagram above shows a he oe Type or Write on 
- i idvantage in using small lengths of ards, snap in Grooves 
RESEARCH flexible shafting in a coupling application Sy Ideal for Production, Traffic, Inventory, 
Although the drive end and the driven end Scheduling, Sales, Etc 
are not exactly in line, the coupling com 


vwensates for the difference in alig “nt be ty Made of Metal Compact and Attractive 
© DEVELOPMENT pensates for the differen n alignmen Over 100,000 in Use 


tween the two 
Many manufacturers use flexible shaft Full price $4950 with cards 
e PRODUCTION coupling even where parts may be connected 
by solid shafts because of the savings . : . 
THE realized in the initial and the maintenance FREE Without Obligation 
re) Trey Vl ae rake) | costs as well as in time and labor 24-PAGE BOOKLET NO. DE-40 
a © - 
For complete information on how flexi- Write for Your Copy Today 
ble shaft couplings may help improve your 
PITTSBURGH 30, PA. product design, write F. W. Stewart Cor- GRAPHIC SYSTEMS 
5 poration, 4311-13 Ravenswood Avenue, Chi- 


cago 13, Illinois 55 West 42nd Street © New York 36, N. Y. 
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Press Previews continued 
aluminum plate to the sheet and foil 
rolling mill now under construction 
at Ravenswood, W. Va. The addi- 
tional facilities will include a 144-in. 
plate mill, heat treating facilities and 
ultrasonic testing equipment as well 
as a plate stretcher capable of stress 
relieving aluminum alloy plate up to 
6 in. thick. 

The stretcher will be capable of 
handling a maximum cross section of 
550 sq in. Within this over-all limit, 
gages up to 6 in. and widths up to 
12 ft may be stress relieved by stretch- 
ing, and lengths up to 60 ft may be 
handled. The plate will be rolled on 
the new 144-in. four-high reversing 
mill to be installed and on the 168-in. 
four-high reversing hot breakdown 
mill already scheduled for installation 
at Ravenswood. The latter mill will 
handle ingots weighing up to 10,000 
Ib. Also under construction on the 
2500 acre Ravenswood site is a 125, 
000-ton per year aluminum reduction 
plant, which is designed for possible 
future expansion to an annual capac 
ity of 220,000 tons of primary metal 


New Laboratories to 
Study Lubricants, Motors, 
and Steam Generators 


A new bearing and lubricant center 
has been opened by the General Elec 
tric Co., at Schenectady, N. Y., the 
million-dollar expansion center com 
bines in one location the company’s 
bearings and lubricants development 
facilities formerly divided between 


(Continued on page 391) 
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HATEVER your metallurgical prob- 

lem, Cannon-Muskegon is equipped 
and staffed to solve it. Our metallurgists 
can make the right vacuum-melted 
alloy to fit your need. We can develop and 
test it in the ultimete in modern research 
and testing laboratories . . . then produce 
it to specifications in our modern plant. 
What’s more, Cannon-Muskegon recom- 
mends proper handling methods for best 
results in your application. 

In addition, Cannon-Muskegon offers a 
wide range of ferrous-, nickel- and cobalt- 
base alloys for your specific needs. These 
super-clean alloys are poured at pressures 
from 1 to 10 microns — available in sample 
or production quantities...in cast bil- 
lets or ingots. Vacuum-melted alloys offer 
cleaner, smoother surfaces . . . greater ten- 
sile strength, ductility and wear life... 
higher electrical and magnetic properties. 
For complete vacuum-melting service, see 
Cannon-Muskegon. 


Now available are: 


@ Materials for remelt — 


under conventional air melting, inert gas, 
vacuum. 


@ Casting development — 


includes research and experimental facilities 
for investment, shell mold, dry sand, and 
permanent mold castings. 


@ Ingots or cast billets — 
for rolling, forging or extruding in individual 
weights up to 250 pounds. 


mS ae 


Unrra Mer 


P VACUUM-MELTED ALLOYS | 


FOR INDUSTRY 


For full particulars 
write for our New Bul 
letin on Vacuum-Melting 
ond Air-Melting facili- 
ties and products. 


Our facilities are open... 





to your 
inquiries 
about 
Cannon- 
Muskegon 


VACUUM- 
MELTED 


UltraMet alloys 
and service 


MODERN RESEARCH facilities and 
experts are at your service. Constant re- 
search with known alloys develops our 
abilities...to your advantage. We are 
now testing alloys containing boron, 
aluminum and titanium ... with interest- 
ing results. Send us your problems. 


CANNON-MUSKEGON 
CORPORATION 


2877. Lincoln Street 


| METALLURGICAL SPECIALISTS 


Muskegon, Michigan 








ACTUAL SIZE 


SPF eliminates shortcomings of other methods of 
securing removable structural panels... 


@ gives all the advantages of a thread plus 
continuous thread engagement 





overcomes cross-threading and stripping 
fastens and unfastens in less than a full turn 


compensates for “‘warpage”’ or ‘‘spring-back”’ 
of panels 


saves on structural weight and maintenance time 
@ provides positive clamping force of a bolt 
prevents deflection under loads 


Get a quick answer to your 
stressed panel tastening 
problems. Write for 
Catalog No. SPF 56 today! 


a) m LO C “Specialists in fasteners for Industry’’ 
a; 


FASTENER CORPORATION 
62 Spring Valley Road, Paramus, N. J. 


WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 





ASME HANDBOOK 
Engineering Tables 


Makes available many tables of recognized « 
sign standards not commonly found in hand 
books 1 wealth of information relating t 
standards for shape, dimension, gears, et 
Groups tables which apply to design of specific 
parts. Covers bar stock and shafting, bearings 
gears, cylindrical fits, bolts, springs, tubing, 
electrical motors, and gaskets. Edited by Jesse 
Huckert, Prof. of Mech. Eng., Ohio State U. 
704 pages, $12.00 


AIR POLLUTION HANDBOOK 


Practical handbook offering much informatior 
for analyzing and solving air pollution prob 
lems Covers the theoretical, technical, and 
practical aspects—discusses causes, effects, and 
ontrols in chapters covering the science of air 
pollution, effects on plants and animals, and 
the various corrective techniques Authorita 
tive; written by a number of specialists. Edited 
by Paul L. Magill, Francis R. Holden, and 
Charlies Ackley, Stanford Research Inst, 670 
pages, many illustrations, $15.00 


APPLIED METALLURGY 
FOR ENGINEERS 


Reliable guide for engineers in many fields 
giving a firm grounding in the essential facts of 
metallurgy for effectively determining which 
metal or processing method is best suited to 
a particular job Describes practices in a way 
to fit the needs of non-metallurgical engineers 
covers heat treating, hardening, casting, hot 
and cold working, welding, and other processes, 
By Malcolm 8. Burton, School of Chem. & Met. 
Enge., Cornell U. 407 pages, 463 illustrations, 
7.50 





i at are 
Helps you to better er yy - = 
s and ho 
ntable inventions = 
en them. Tells nature of — 
invention, how to keep — A. -< 
contests, 
in atent con! a 
- al are prepared, filed, and aces —_ 
oh t happens in cases of paten Re 
fe an etc. Aids inventor —~ _ . 
H ‘ . . . 
with attorneys of employer. y ty 
Tuska, Dir. of Patent Oper. 


Labs. 198 pp» illus., $4.00. 


FREE EXAMINATION COUPON 
McGRAW-HILL BOOK CO., INC., Dept. PE-! 
327 W. 4ist St., N.Y.C. 36 

Send me book(s) checked below for 10 days’ ex- 
amination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid (We pay 


lelivery costs if you remit with this coupon—same 
return privilege. ) 


—2 ASME Handbook: Engg. Tables, $12.00 
© Magill, Holden & Ackley—Air Poll. Hdbk., 
$15.00 


) Burton—Appl. Metallurgy for Eng., $7.50 
© Tuska—Patent Notes for Eng., $4.00 


(PRINT) 
Name 


Address 


Company 
Position 


For price and terms outside U.S., 
write McGraw-Hill Int’l., N.Y.0. 
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Gear-Grip 


Flexible Coupling 


The most revol y design ad 
for integral H.P. in a century! 





Positive power 

transmission of rated 

load. Gear teeth on end castings 
match special rubber tube section 


@ Load ranges—2'2 H.P. to 25 H.P. 
@ Shaft sizes—*4" to 1%". 
@ Specified lengths to design 
requirements. 
Prevents end thrust. 
“By Eye” shaft alignment. 
No lubrication required. 
Shaft Safety features. 


Dyna-Line .. . 


The finest flexible coupling in single unit con- 
struction—specifically designed for fractional H.P 


i 


5R 4k 3R 


@ True Flexibility and Torsional Resili- 
ence for quiet, load-plus power 
transmission without extreme de- 
flection or twist. 

Lengths varied to design specifica- 
tions in each series. 

Load ranges—1/15 to 1'2 H.-P. 
Shaft sizes — 

3/16” to %4". 

Lowest 0O.D. 

for highest " 

torque capac- (HqFY-Tipys 

ity. > 


Write for Catalogs and 
Technical Bulletins. 


PRODUCTS CORP. 


COUPLING DIVISION 


DEPT. P-17, 1215 E. SECOND ST. 
MICHIGAN CITY, INDIANA 
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Press Previews continued 
the Thomson Laboratory of the Lynn, 
Mass., River Works and the General 
Engineering Laboratory in Schenec- 
tady. 

The combined facility has a staff 
of 30, including 14 engineers, and is 
expected to double its personnel in 
the next few years. The center will 
conduct broad research engineering 
programs, including the study of air 
bearings and the use of molten metals 
and molten glass as lubricants. Addi- 
tional lubrication work will include 
investigations and development of 
oils, greases, synthetic lubricants, solid 
lubricants and lubricating bearings. 
Much of this work will be on a co 
operative basis with other organiza 
tions. 


General Electric’s Medium Induc- 
tion Motor Dept., Schenectady, N. Y., 
will invest $1,500,000 in a develop 
mental laboratory for the creation of 
new products and improvement in 
present lines. ‘The new facilities for 
motor research will include an engi- 
neering laboratory, advance engineer- 
ing test area and a development shop 
to investigate new manufacturing 
techniques to parallel product devel- 
opment. The laboratory will under 
take applied research and develop- 
ment work in electrical insulation, 
bearings and lubrication, magnetic 
materials, metallurgy and welding. 
The advance engineering facility will 
be charged basically with the de 
sign of new motors and generators. 


General Electric Company's Steam 
Turbine-Generator Dept. has started 
construction of a $2,500,000 “Over 
speed Test Facility.” The test build 
ing will occupy 8700 sq ft and will be 
used to spin steam turbine rotors and 
generator rotors weighing as much as 
185 tons at 170 to 200 per cent above 
their normal speed of rotation. The 
facility will be used to evaluate the 
effects of abnormally severe operating 
conditions on the material properties 
and design features of the rotors dur 
ing their performance. The plant will 
be ready for operation by mid-1957 


Container Plant Expanded 


The completion of a $250,000 
plant in Burbank, Calif., for the pro- 
duction of precision deep-drawn 


(Continued on page 393) 





MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile meons for 
obtaining the full possible od- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ronges 
of as high os 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewogpeed 


Div. of ~ ELECTRO DEVICES | 


4 Godwin Ave., Paterson, N 


ARmory 4-8989 





LITTLE GIANT r UNIT take a good look at 
pnp AY engineered ceramics 


ap abet anna | JE , When you plan the development of a 
~~ ae _ new product, or seek ways to further 
improve existing ones, take a good look 
at engineered ceramics in your planning. 
Our ceramic engineers have developed 
many new formulae and fabricating 
methods which greatly enlarge the use- 
fulness of these amazing materials. 
Whether your problem involves critical 
or exacting electrical and mechanical 
lating pump that can be submerged properties, chances are Frenchtown 
inside the coolant tank, free from . Engineered Ceramics will provide a bet- 
damage. ter answer. Check these advantages: 








This Portable Coolant Unit is bring- 
ing new efficiency and trouble- 
free economy to machine shops all 
over the country. The only Coolant 
Unit on the market with a recircu- 


@ MECHANICAL STRENGTH 
Operates efficiently with either water soluble or oil Compressive strength up to 187,000 psi. 
base coolants. @ ABRASION RESISTANCE 

Jemons ted b se 3g 

Heavy duty motor, hermetically sealed in oil. — ~ a ed by use for sand 
las ozzles 
High grade aluminum die-cast case. @ HeaT RESISTANCE fap 
Sturdy Metal Coolant tank. Softening temperatures up tof 
Screened trap to catch cuttings and chips 1971° C. 


i @ THERMAL CONDUCTIVITY 
U/L approved glass insulated terminals and many other 


Coefficient (c.g.s. units) up to}@J 
outstanding features. 0 0180 c.8 I : 


fo @ THERMAL EXPANSION 
4 


a 


Write for free catalog ond price list 


as low as 2% cumulative at 
S of all Little Giont Liquid Handling 700° C. 
? , . My 
yy) Preducts today Send for the helpful Frenchtown properties chart. 


- 


Want we cowry == frenchtown 2o%ce%a"8 


5101 Clossen Bivd., P.O. Box 9545, Oklahome City 18, Okle 87 Muirhead Avenue ]| Trenton 9, New Jersey 











Leading source 
: be , for DESIGN and 
complete details on ea 2. ae ie SUPPLY of quality 
grooved pins and studs coe eB jewel bearings. 


VEE TYPE—the most adapt- 


able bearing for general 
fasteners |} Your copy of the new vse; — designed to toke 


* DRIV-LOK grooved , both radial and thrust load 
fastener catalog is = with oe an 
. . . Mounted or unmounted in di- 
— a Write for ; ‘ ameters from .040” to .100” 
oday. pages o 


and radii .002” and up. 
fecivel date in concise, RING TYPE—for radial load 
easy to use form. No 


or use as fluid orifices. By 
obligation, of course. adding bombe face can be 


adapted to take light inter- 


jf of mittent en rust in addi- 
STANDARD TYPES... A COMPLETE LINE Sate cath taod, ace 


om an a3 diameters from .003" to.125”. 
| 

i] | 

it] | | | Send us your specific jewel bearing problem for analysis by 

11] our engineering staff —no charge, of course. Write also for 

LU LJ} J) brochure of A. M. Gatti Sapphire Products. 

A As c D fF G U 


| 
B 
\\\ \ LL 
eis ape 
DRIV-LOK PIN COMPANY ~ainele m. ga TE “Precision Sapphire Products 


‘ , inc. Miniature Sub-Assemblies"’ 
723 Chauncey St. * Sycamore, Illinois ; 
Main Office and Factories—522 Tindall Ave., Trenton, N. J 
Manufacturing Subsidiary—Guayama, Puerto Rico 
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Press Previews continued 


aluminum cases, boxes, instrument 
cases and combination carrying cases 
for the electronics and aircraft indus 
try, was announced by the Zero Mfg 
Co., of Burbank. Major production 
departments include deep-drawing, 
with hydraulic presses ranging from 
150 to 400 tons, fusion and spotweld 
ing, metal finishing, major assembly, 
ind die storage area for more than 
1400 stock deep-drawn cases and 


overs 


New Electro-Mechanical 
Plant 


The completion of a new plant on 
the West Coast for its Electr 
Mechanical Div. has been announced 
by Erie Resistor Corp., Erie, Pa. Th 
plant will be located in Hawthorne 
Calif., and will house equipment for 
the production of electronic and m« 
chanical assemblies for computers, in 
struments, communications equip 
ment, missiles, radio and TV, and 
military equipment 


New Company to 
Produce Metal Tubing 
The H & H Machine Co., Inc., 


Norristown, Pa., successor to H & H 
Machine Co., has been formed to 
specialize in the fabrication of metal 
tubing. Former company produced 
tools and die design and manufac 
ture. Tubing will be produced in 
sizes from 0.010 to é in. dia in alum 
num, copper, nickel, stainless and low 
carbon steel. Forming operations wil! 
include beading, flaring, flanging, 
spinning, bending, upsetting, swaging, 
drawing, reducing and expanding 


Lithium Institute 
Inaugurated 


Establishment of the American 
Lithium Institute, Inc., for the pur 
pose of conducting research on lith 
ium and its compounds, was created 
by American Potash and Chemical 
Corp., Foote Mineral Co. and Lith 
ium Corp. of America. The three 
major U. S. lithium producers stated 
that the Institute has been formed 
to direct research on problems of an 
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Versatility 
to-till your 
Aluminum 
Extrusion 


When you specify Precision Extrusions you will learn why an 
increasing number of design engineers and purchasing 

executives are turning here for all aluminum extrusion needs. You'll 
find experienced PE engineers are eager to help in developing 
extrusions that cut manufacturing costs, improve product quality and 
increase appeal. You'll find PE can provide finished extrusions with 
special characteristics according to your needs. Our extens*ve metallurgical 
and mill experience is augmented by versatile press equipment and 
modern, quality-control from billet casting to finished extrusion. Our 
specialization in producing aluminum extrusions only is your 
assurance of prompt, personalized, and confidential attention. 

Call a PE engineer to work with you on your current project. 


WRITE for FREE 12-PAGE BULLETIN 


Send today for free technical bulletin 
illustrating and describing the odventages 
of the aluminum extrusion process. 


PRECISION EXTRUSIONS, INC. 


729 E. GREEN AVENUE BENSENVILLE, ILLINOIS 
PHONE: BENSENVILLE 98 @ CHICAGO TUxede 9-170! 


Chicagoland Oldest Most Experienced Aluminum Extruder 








ue PERFORMANCE 
snp pranre nts 1S THE PAYOFF! 


for RUGGEDNESS, 


DEPENDABILITY and COST 
Fuel Pump Sales 


are Zooming 





There’s no substitute for on-the- itself at 114° Fahrenheit as well 
job performance. That’s why as at 76° below zero. No othe 
people who have tried all the pump anywhere near its price cla 
others always come back to the could make the grade. The 
Bendix* Electric Fuel Pump Bendix Electric Fuel Pump is 
when they need “‘must do”’ per- easy to install and service, de- 
formance. The Bendix pump livers more gi mone ae hour 
has passed all the tests. Under and pr eliminates vapor lo 
military supervision, it proved It’s he < st fue 1 pump bui 


Bo’ 
ELECTRIC FUEL PUMP 


BENDIX AVIATION CORP. (Eclipse Machine Div.), Elmira, N. Y. 


*? T PAT. OFF 


* With calibrated dial 

(can be set visually 

without gauges) . 

Without dial $16.50. 

Both prices less the usual 
quantity and trade discounts. 


I 
tw 
fies 
1S 





WE BUILD IN WE DON'T USE 


RUGGEDNESS 
Can take surges— 


(High proof pressures ) LINKAGES & 
Continuous operation— BEARINGS 
( Millions of cycles ) Which wear quickly TOGGLE CLAMPS 
No sticking— — (cause settings to 39 Types & Sizes 
drift and switch to 


(in dirty fluid) fail). 








LABOR & MATERIAL SAVINGS 


UNSEALED 
No return drain piping— PISTONS Note These Features—reomed 


(Sealed piston ) Holes—Hardened Serrated Bushings— 
Mounts where convenient Which add to your High Tensile Strength Rivets 


(Operates in any position, oop and STANDARD 


Not sensitive to vibration ) Are critical to dire— FIXTURE CLAMPS 
<phevns gst east). 16 STYLES... 159 SIZES 


COMPONENTS 
BA RKSD ALE VALVES Over 1000 diferent Types & Sie 


available from stock. 


PRESSURE SWITCH DIVISION Write NEW TEMPLATE for CATALOG 


5125 Alcoa Avenve, los Angeles 58, California WEST POINT MFG. CO. 


Ask for bulletins 9612 and C9612. 26935 W. 7 Mile Road, . Detroit 19, Michigan 
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Press Previews continued 
industry-wide nature, as well as to 
act as an agency for the correlation 
and dissemination of technical in 
formation on lithium. The Institute, 
a non-profit organization, will main 
tain offices in Princeton, N. J. A 
technical library and literature service 
will be maintained there 


New Titanium Plant 


len million pounds per year of 
titanium sponge is the expected out 
put of a new plant under construction 
by the U. S. Industrial Chemicals 
Co., the multi-million dollar plant 
will be a 175,000 sq ft building in 
Ashtabula, Ohio. Metallic sodium 
will be used in the new plant to re 
duce titanium tetrachloride to titan 
ium sponge by a process developed in 
U.S.I.’s Research Laboratories. The 
new process will produce a_ higher 
purity titanium sponge than the con 
ventional magnesium reduction proc 
ess, at a cost lower than that of any 
existing commercial technique 


Stainless Steel Building 
For U. S. Steel 


A new office building for U. §S 
Steel’s, Homestead District Works, 
Munhall, Pa., exemplifies a true stain 
less steel curtain wall office building 
According to company president Clif 
ford F. Hood, this is the first time 
stainless has been combined into so 
complete an assembly. 70 tons of 
stainless have been incorporated in the 
five story structure. The building also 
features porcelain enameled panels 
44 ft wide by 12 ft high, the largest 
of their kind ever fabricated. 


New Development 
Laboratory 


A new development laboratory for 
the Carbide and Carbon Chemicals 
Company is being built in South 
Charleston, West Va. The main 
building will be a four-story structure 
with outside walls largely of glass 
Separate laboratory units, 26 x 11 ft, 
are provided for each scientist though 
in some instances, two men will work 
together. Specialized facilities have 


(Continued on page 397) 
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SECTIONAL — Simplest 
weove, for light loods 
where low initicl cost is 
desired, 


BALANCED — High tensile 
strength, low ultimate cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel. 


ROD -REINFORCED — 
Highest tensile strength 
ond low thermal capacity 
lt is recommended for 
high temperctures, up to 
2100°F. Undergoes mini 
mum elongation and width 
contraction, 


DUPLEX — Compoct struc- 
ture of great density pro- 
vides high tensile strength 
The close mesh provides 
smooth surface for carry 
ing small parts and plastic 
materials. 


TuUUU UU UU 


GRATEX—Close spirols 
retain the advantages of 
Bolanced weove, while 
adding strength. For cold, 
medium ond some high 
temperature applications 


Tv 


vane 


DOUBLE BALANCED— 
A widely used weove com- 
bining open mesh of Bal 
enced weove with the 
strength) of Grotex. For 
cold, medium, some high 
temperature applications 


MULTI-STRAND 
corbDuROY 


INTERWOVEN 


How to select 


WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 














As you know, woven wire conveyor belts are 
widely used for combining movement with processing 
in many continuous operations——heat treating metal 
parts; washing, blanching and freezing food prod- 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product to be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements type of drive, sel- 
vage, support and special surface attachments must 
be selected. 


You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple “nuts and bolts” job. Ramifications build up 
rapidly to demand the service of a specialist. That’s 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under “Belting, Mechanical” in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 
design information. 


THE CAMBRIDGE WIRE CLOTH COMPANY, 
DEPT. P, CAMBRIDGE 1, MARYLAND 





ON THE SHELF! 


SINGLE SPIDER 
GEAR DIFFERENTIALS 


by FORD 
INSTRUMENT 


AVAILABLE IN FOUR SIZES: 


Ye", Hs", Va", and 6" Shaft Diameters 





NOTE! Prices of 4" units 
have been drastically reduced. 











GUARANTEED 
SHIPMENT WITHIN: 


(WITHOUT END GEARS) TYPE 


1 WEEK for units with set shaft A 

lengths* 

3 WEEKS for units with shaft 
lengths to ve en ad 
specs 

(WITH END GEARS) 


4 WEEKS for units with stock end 
gears 
a WEEKS for units with end gears D 
to customer specs 
(SUBJECT TO PRIOR SALE) 
*Note: i,” units are not stocked with set shaft lengths. 
Ford Instrument produces 
single spider gear differen- 
tials to highest military and 
commercial standards, for 
extreme accuracy in addi- 
tion and subtraction, and in 
servo loop applications. 
Seven ways superior. Call or wire W. Mohr, 
Component Sales Division (STiliwell 
4-9000) for prices, or check and mail cou- 
pon below, stating quantity. Data bulletin 
with performance curves and characteristics 
will be sent with the prices. 


Component Sales Division 


FORD INSTRUMENT 
COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
Please send me prices on the following: 
Circle size of unit desired 

y,” x,” Ws ” +," 


Circle category for type of units needed: 
(Check two if both apply) 


A B Cc D 
| wont __._ _____._ (number) units: 
Name en 
Position 
Company — 


Se ae 


quaserendiéibandpanareranananasemenanel 


! City : — _Stote - 


Oe es oe ew ew ewe ew aw ew ew aw wooed 
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MISSILE 
ENGINEERS 


Many new positions are being created at Northrop Aircraft 
for missile engineers in a wide range of activity: control, 
guidance, servo, computers, recording, optical, reliability, 
electro-mechanical, telemetering and electronics. There's 
an interesting position for you, at your own experience 
level, with attractive remuneration and steady advance- 
ment, in one of the following groups: 

GUIDANCE AND CONTROLS, encompassing research 
and developrnent of advance automatic guidance and 
flight control systems for both missiles and piloted air- 
craft. Specific areas of development include: radio and 
radar systems, flight control systems, inertial guidance 
systems, instrument servo systems, digital computer and 
magnetic tape recording systems, airborne analogue 
computer systems, optical and mechanical systems, and 
systems test and analyzer equipment 

FLIGHT TEST ENGINEERING SECTION, which plans the 
missile test programs and establishes test data require- 
ments in support of the programs. The data requirements 
are predicated on the test information required by the 
engineering analytical and design groups to develop and 
demonstrate the final missile design, and are the basis 
from which instrumentation requirements are formulated. 

The analysis work performed consists of aerodynamic, 
missile systems, dynamics, flight control, propulsion and 
guidance evaluation. The Flight Test Engineering Section 
is also responsible for the field test program of the 
ground support equipment required for the missile. 

FLIGHT TEST INSTRUMENTATION SECTION, which in- 
cludes a Systems Engineering Group responsible for the 
system design concept; a Development Laboratory where 
electronic and electro-mechanical systems and compon- 
ents are developed; an Instrumentation Design Group for 
the detail design of test instrumentation components and 
systems; a Mechanic Laboratory where the instrumenta- 
tion hardware is fabricated; and a Calibration and Test 
Group where the various instrumentation items and 
systems are calibrated and tested. 

For 17 years Northrop Aircraft has pioneered in missile 
research and development. As a member of this forefront 
organization in this growing field, new opportunities for 
full expression of your initiative and ability will always be 
yours at Northrop 

If you qualify for any of these attractive positions, we 
invite you to contact the Manager of Engineering indus- 
trial Relations, Northrop Aircraft, Inc., telephone ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600-P, Hawthorne, California 


NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental M es 
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Press Previews continued 


been designed for ultraviolet, infra- 
red, mass and emission spectrometry, 
microscopy, physical testing and 
X-ray diffraction studies. In addition 
to the main building there will be a 
laboratory 240 ft long by 40 ft wide 
with facilities for studying continuous 
processes at high pressures. 


Metallurgical 
Research Center 


The construction of a_ two-story, 
$500,000 Metallurgical Research lab- 
oratory will begin this spring at The 
Timken Roller Bearing Co., Canton, 
Ohio. Of steel frame, brick and tile 
construction, the new fireproof labora 
tory building will centralize under one 
roof the metallurgical research facili 
ties which are now located in several 
separate buildings. More than 75 
specialists are expected to use the 
new research center 


Automation Subject 
At Conference 


Growth and a promise for the fu 
ture of automation was the subject 
of a panel meeting with the press and 
five outstanding scientists and busi- 
ness leaders held as an introduction 
to the Eleventh Annual Instrument- 
Automation Conference and Exhibit 
in New York. 

Robert T. Sheen, President of Mil- 
ton Roy Co., and President of the 
Instrument Society of America, em- 
phasized this growth by pointing out 
that in the seven years between 1947 
and 1954 there had been a three-fold 
increase in purchases in the automa- 
tion industries. The ISA has felt a 
growing concern and_ responsibility 
for the problems, both social and 
economic, arising out of this forced 
maturity 

Throughout the panel discussion 
it was evident that the primary con- 
cern of all members was the need of 
properly trained and educated in- 
dividuals for use in all phases of the 
new science. From the colleges and 
research laboratories where new ma- 
terials, components and mathematical 
tools are being created through the 
manufacturers, venders and users of 
this equipment the lack of personnel 


(Continued on page 399) 
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Miller Phosphor Bronze is consistently 


chosen for the tough jobs—in this in- 
stance a switch part that must withstand 
an estimated 750,000 “on and offs” with- 


out fatigue or fracture. 


Miller specializes in the tailor-made 
production of phosphor bronze alloys— 
in strip, coiled and flat lengths—best 
fitted to your needs. At Miller, Phosphor 


Bronze is the main line, not a sideline. 


THE MILLER COMPANY * MERIDEN, CONN. 
ROLLING MILL DIVISION 


Amtitis Cualily Fheyphon Dronge 





ye ADDED lngreagiy, "yt 
KNOW How 


Hh 
Hl Ha 4 ---HAS MADE 


DUDEK & BOCK 


uv 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
withstand stress . . . and 
perform under the most 

trying conditions! 


Seer DELivery 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


DUDEK & BOCK 


SPRING MFG. CO. 


DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill 





Save time and money — 


BROWNING 
ROLLER CHAIN 
DRIVES 


+ + « using Browning's famous 
interchangeable bushing system 


For quality and economy, specify Browning's smooth running 
roller chain and precision sprockets with simplified split taper 
compression bushing. Browning's unbreakable bushing 
mounts quickly, easily—saves shop time, lowers costs. Also 
used in Browning couplings, paper pulleys, sheaves; 
standardizes plant on one-type bushing. 


Send for FREE NEW CATALOG 


52 pages of engineering data on Browning Roller 
Chain Drives. Ask for catalog CD-102. 





iy | 











make Product Engineering 
an attractive, permanent 
part of your library 


Two files hold copies from a full 
year’s subscription. Rich maroon 
Kivar cover looks and feels like 
leather. Gold lettering. 


Only $2.50 each, 3 for $7.00, 6 for 
$13.00, Postpaid. Add $1.00 postage 
for orders outside US. Satisfaction 
or your money back! 





Send check or money order — or re 
quest that we bill you: 








Jesse Jones Box Corp., Dept. P-E. 
P.0. Box 5120 
Philadelphia 41, Pa. 


SPECIAL BRUSHES 
for Original Equipment 


wo 
€:- 
a When you re- 
~ quire a special 
brush . . . designed . . . quoted . . . and produced, 
let Flo-Pac sales and engineering assist. Our 43 
years experience guarantees your satisfaction. 


@raek Production Machines 


Expansion and modernization is continuous. New- 
ly designed, high speed production equipment 
means savings in brush production. 


@raek Designers to Help 


Experienced designers with 43 years of brush 
making behind them will help you. 


Gra0k Problems! We Solve Them! 


Send us your brush problems, whether it is a de- 
sign, a price, a production or delivery problem. Let 
us show you how Flo-Pac Service will work for you. 


FLOUR CITY PACIFIC COAST 


BRUSH CO BRUSH CO 
1501 4th Avenue South 1507 Santa Fe Avenue 
inn Los Angeles 21, Calif 
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Press Previews continued 
has delayed and will continue to slow 
progress. 

Professor John R. Raggazzini, 
Chairman, Electrical Engrg. Dept., 
Columbia University, entered a plea 
for more industry help to colleges 
and universities in which the major 
part of high caliber training and 
education takes place. It was pointed 
out that in a similar way industry 
must train its own employees in the 
new skills needed in the proper opera- 
tion and maintenance of automated 
systems. 

Dr. E. W. Engstrom, Senior Ex 
ecutive Vice President, of RCA, was 
concerned about the social implica- 
tion of automation. Convinced that 
we are facing a change comparable to 
the Industrial Revolution, he felt that 
only a gradual and controlled change 
over to automation would avoid the 
disastrous economic turmoil inherent 
in sO sweeping a change. However, 
in the long run he felt certain that 
each new advance could bring with it 
even higher employment levels in 
sheer quantity and that it was the con- 
current upgrading of workers’ skills 
that remained the only real problem. 


New Divisions 


Lord Mfg. Co., Erie, Pa., has es 
tablished a Special Products Div. for 
the research, manufacturing and mar- 
keting of adhesives, chemicals and 
other polymers. 


Westinghouse Transformer Div., 
Sharon, Pa., has been further depart- 
mentalized by the formation of a dis- 
tribution transformer department and 
a specialty transformer department. 


Kieley and Mueller, Inc., Middle- 
town, N. Y., has announced the crea 
tion of a Nuclear Power Equipment 
Div. High temperature, bellows- 
sealed control valves with self-con- 
tained control systems are to be built 
by this new division for a nuclear de- 
velopment facility. 


Name Changes 


Parker Stamp Works, Inc., have 
changed their name to The Parker- 
Hartford Corp. The company produces 
tools, dies, molds as well as 2 and 3 
dimensional cams for controls. 
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STANDARD TRANSMISSIONS 


. « « for industrial and agricultural 
machinery, automotive trucks, trac- 
tors, refuelers, industrial shovels, 
cranes, shop and lift trucks, con- 
crete mixers, road machinery, 
diamond drills, machine tools, 
feed boxes, gear heads. . . 
send for catalog and com- 
plete information . . . for 
SPECIAL TRANSMISSIONS 

. consult our experienced 
engineering department for 
preliminary designs—no obli- 
gation. 
Model 9400 

(360 H.P. at 1800 RPM input 


TORQUE RATING: 12,600 pound inches IN 
PUT 96,700 pound inches OUTPUT 


RATIOS: 1:1 (with neutral) and Maximum 
Reduction of 7.67:1 


SPEED CHANGES: Overdrive or Reduction (Input 
and Output shafts from same or opposite sides 
9000-B (1-10 HP 
CAPACITY: 5 H.P. at 900 RPM input 
10 H.P. at 1800 RPM input 
TORQUE RATING: 350 pound inches IN- 
PUT 1400 pound inches OUTPUT 
GEAR RATIOS: 1:1-2:1-3.14:1-4:1 (spe- 
cial ratios at extra cost 


8100-B (10-20 H.P 

CAPACITY: 10 H.P. at 900 RPM input 
20 H.P. at 1800 RPM input 

TORQUE RATING: 700 pound inches IN- 
PUT 2800 pound inches OUTPUT 

GEAR RATIOS: 1:1-2:1-3:1-4:1 (special 


rotios ot extra cost 


420 (20-40 HP) 

CAPACITY: 20 H.P. at 900 RPM input 
40 H.P. at 1800 RPM input 

TORQUE RATING: 1400 pound inches 
INPUT 7500 pound inches OUTPUT 

14800—FFour speed changes, up to the 
limit of the case, 10:1. 

14900—Four speed changes in geomet- 


ric progression of 1.71 (total reduc- 
tion of 5.03) 


= 


Model 9300 (30-60 H.P.) | 

CAPACITY: 

30 H.P. at 900 RPM in- 
put 

60 H.P. at 1800 RPM in- 
put 

TORQUE RATING: 

2100 pound inches IN- 
PUT 12,600 pound 
inches OUTPUT 


Eight speed changes in Geometric Progression of 1.29 (total 
reduction of 6:1). Special ratios at extra cost. 


WESTERN TRANSMISSIONS 


WESTERN MANUFACTURING COMPANY 
3400 Scotten Ave. DETROIT 10, Michicon 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, ete 


Positions Vacant 
Positions Wanted 
Part Time Work 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered Labor Bureaus 


——RATES—— UNDISPLAYED 
$1.80 per line, im unas 
To figure advar 5 average words as 
Box Numbers—counts 
Position Wanted ads are ', of above rate 
Discount of 10% “ full payment is made in advan 


Employment Agencies 
Employment Services 


DISPLAYED 
The advertising rate is $27.40 per it t all advertising appe 
ing on other than a contract basis. Frequency rates quote vl 
on request 
An advertising inch is measured %” vertically on a column 
columns—-30 inches to a page ronan dl in 


Subject to Agency Commission Not subject to Age mney Commission. 


Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P. 0. Bex 12, N. Y. 36, N. Y., for Feb. issue closing Jan 








ENGINEERS 


ATTRACTIVE 


: ENGINEERING 
Sect." || sommons 


OF GENERAL ELECTRIC MEANS at 


More Career Potential GLA 


You'll be working on such advanced PROJECT ENGINEER 
and stimulating problems as how to f . . ‘ 
develop a gas turbine with a power- If you have either an Electrical or Mechani- 
weight ratio of more than 4 to 1—in cal Engineering degree plus at least two 
the class of our T58, which delivers years experience in engineering or sales 
1050 HP, weighs only 325 Ibs. . . “a ont 
engineering this job will interest you. Work 
includes design supervision, occasional cus- 
tomer contacts, vendor liaison and test su- 
pervision. 


COMPONENTS ENGINEER 


EE or ME degree plus at least two years 
experience in electrical-mechanical devices 
required. Exceptional opportunity for crea- 
tive work in an expanding industry 


stress analysis 

* experimental analysis 
of mechanics 
solid mechanics 
vibrations analysis 

* mechanical analysis 


And at this young, decentralized 
partment an able man quickly a: 
vances to a position of responsibility 
aided in every way by General Elec- 
tric’s outstanding benefits and a pro- 
fessional development program And 


Boston's cultural and educational fa 
It requires men with knowledge of cilities—plus the recreational advar 


high speed machine design, and expe- tages of all New England—are wit 
rience in any of the following fields easy reach 


It involves the design of a variety of 
static and moving parts: compressors, 
combustors, turbines, control compo- 
nents, gear and lube systems. 


Write in complete confidence to: 
MR. T. 8S. WOERZ (Section RA-1) 


GENERAL @® ELECTRIC 


1000 Western Avenue 


GLA engineers enjoy unusual individual 
freedom while working for a growing and 
progressive company near New York's fa- 
mous vacationland. Salaries ore commen- 
surate with experience and ability 


West Lynn, Mass. 








Send resume 

Attn: 
Erie Mining Company, in northern Minne- Mr. R. E. Powers, Personnel Manager 
sota where there is excellent hunting and 


fishing, is considering applications for a GENERAL LABORATORY ASSOCIATES, 


permanent position as Supervisor of INC. 
Maintenance for Heavy Duty Equipment. Plant +2, Norwich, New York 


WANTED 
PRODUCTION MANAGER 


Reputable metal working company 





Applicant should have ME Degree or 
equivalent with at least five years’ of super- 





has opening for a_ production 





manager experienced in production 
supervision with the potential to 
become vice president for manufac- 
turing. Engineering degree desir- 
able but not essential. Experience 
in metal working or allied industry 
required involving forging, blank- 
ing and forming and metal finish- 
ing. Production control experience 
is desirable. Excellent salary and 
working conditions. Potential for 
personal progress. Forward resume 
of educational and experience back- 
ground to 


P.3736, Product Engineering 
Class. Adv. Div. P. O. Box 12, N. Y. 36, N. Y. 


visory experience in a responsible position 
covering the repairing or rebuilding of die- 
sel and electric shovels, large trucks to 35 
cubic yards, tractors, and smaller units 


Excellent housing, schools, and churches. In- 
surance and pension benefits 


Send complete resume and salary desired 
to: 


Industrial Relations Dept. 
Erie Mining Company 
Box 847 

Hoyt Lakes, Minnesota 














SR. ACOUSTICAL Prvossist 
$15,000 PER YR., NO FEE 

Experimental and theoretical approaches required 

y and interpretating aapacieet, param- 

and solid media in terms of system 

pane equipment spotieation, should have experience 
n acou 
with familiarity. in underwater sound “theory, 
measurement and operational problems. 
28 E. Jackson Bivd. Chicago 4, It. 
MONARCH PERSONNEL 











DESIGN ENGINEERS 


needs are due to the fact that our business has 
doubled in the last five years. Here is an aan 
opportunity to get into the ‘dynamie field of data 
processing equipment and automation. As a 
result of ay wy expansion, permanent positions 
are avai ers in these areas: Small 








po design. 


MECHANICAL ENGINEER 


A graduate mechanical engineer is ee to handle 
&@ program of testing of 
new business machine devices and auxiliary prod- 
ucts; involves some technical report writing. 


RECENT GRADUATES 


Are you dissatisfied with your position since grad- 

uation? A mediu ay 

dard Register will give you the 

growth and individual expression not permitted in 

your present situation. 

‘eee positions are with a weil established, progres- 
forms and mechanical 

= electron 1 devices related to business machines 

and Pom I Data Processing. Excellent employee 

benefits and advancement opportunities. Replies 

kept confidential. Write to: 








Professional Employment 
THE STANDARD REGISTER COMPANY 
Dayton 1, Ohio 
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DESIGN STANDARDS 
ENGINEER 


To Organize, Write and Publish a De- 
signer’s handbook for use in Develop- 
ment and Production Designs of Electro- 
Mechanical and Electronic Components. 
The candidate should have an Engineer- 
ing Degree or equivalent with a mini- 
mum of 5 years applicable Design 
experience. Familiarity with the prepa- 
ration of Engineering standards is de- 
sirable. Send complete resume to 


Mr. Dan Knott 


The RAMO-WOOLDRIDGE CORPORATION 


11231 Freeman Bivd., Inglewood, Calif. 








ENGINEERING OPPORTUNITIES 


Dormeyer Te. one of the nation's fastest 
= and leadi ers has 
mmediate epentngs” for an electrical engineer as 
well as a product design engineer with experience 
in the design and © of small fracti 
horsepower motors, both universal as well as the 
shaded pole types as applied to household appli- 
ances such as food mixers, portable tools and heat- 
ing appliances. 








Liberal employee benefits. In replying, state age, 
experience and salary desired 


Direct All Replies To 
R. J. Braski, Ass’t. Gen'l. Mer. 
Dormeyer Corporation 
700 No. Kingsbury St., 
Chicago 10, Ill. 


All replies held strictly confidential 











When Writing 
Your Ad 


Provide an indexing or subject word. 
Write it as the first word of your ad. 
If it is a Position Wanted or Position 
Vacant ad, make the first word the 
kind of position sought or offered. 


The right is reserved to reject or revise 
all Want Advertisements. 


Classified Advertising Division 
PRODUCT ENGINEERING 
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EMPLOYMENT OPPORTUNITIES 


engineers 
and 


physicists 


seeking 


stability 


. find it at Farnsworth, 

the newest electronics division 
of International Telephone 
and Telegraph Corporation 

. . . the world’s most 
extensive combined research, 
development, 

manufacturing and 
operating organization in 
telecommunications 

and electronics. 

Combine the advantages of 
“large company” 

stability and technical 
perspective with Farnsworth’s 


“small company” 

flexibility, growth, 

and recognition of the individual 
and you have 

the ideal situation that 


warrants investigation. 
Your resume 

will receive prompt, 
confidential attention. 


Address: 
Technical Employment Director 


FARNSWORTH ELECTRONICS COMPANY 
FORT WAYNE, INDIANA 


A DIVISION 

OF INTERNATIONAL 
TELEPHONE AND TELEGRAPH 
CORPORATION 


A DIVISION OF 


aa. 










EMPLOYMENT OPPORTUNITIES 


PROJECT ENGINEERS 


Mechanical Engineers—Experienced 

















@ PRODUCTS—Protective Carriers and Transit 
Cases for electronic equipment and guided missiles. 


Our project engineers assume full responsibility for a 
project from the interpretation of the customer’s speci- 
fication through the basic design, engineering, fabrica- 
tion and testing. 


@® TYPE OF WORK—Design of shock and vibra- 
tion suspension systems, selection and application of 
shock isolators. Design and construction of transit cases, 
with emphasis on aluminum alloy fabrication, and shock 
testing procedures for above. 


@® COMPANY—CRAIG SYSTEMS, Inc., a grow- 
ing company with offices in Danvers, Massachusetts and 
manufacturing operations in Lawrence, Mass. 


@ LOCATION—Danvers is a suburban town 20 
miles north of Boston on circumferential Highway Route 
128, close to the seashore, mountains and easy commut- 
ing distance from the evening schools and other advan- 
tages of Boston. 


Send resume to Personnel Director 


CRAIG SYSTEMS, Inc. 


90 Holten Street Danvers, Mass. 












Man Hunters 


SEARCHLIGHT 
bY Jog gle], | 





DISPLAYED RATE 


Individual Spaces with border rules for promi- 
nent display of advertisements 

The advertising rate is $16.85 per inch for all 
advertising appearing on other than a con- 
tract basis. Contract rates quoted on request 






UNDISPLAYED RATE 





$1.80 a line, minimum 3 lines 





Bor Numbers—Care of publication count as one 
line 





Discount of 10% if full payment is made in ad 
vance for 4 consecutive insertions 





Equipment Wanted or For Sale Advertisements 
acceptable only in Displayed Style. 

















Special Pre-Publication Offer 
CIRCULAR SAW HANDBOOK 
BAND SAW HANDBOOK 
Edited by Henry C. Atkins 
Former Supt. of B. OC. Atkina Ce. 





Contains vital inf fon for ers, 
sawmill operators, maintenance men, apprentices. 

$5 per copy Order from 
CHAIN SAW AGE Portland 66, Oregon 














“Opportunity” Advertising: 
Think 
“SEARCHLIGHT” 
First 








.... AATTENTION 


When you are in need of specialized men for specialized jobs — from general managers to supervisors — contact 
them through the EMPLOYMENT OPPORTUNITIES SECTION of McGraw-Hill publications. 


The EMPLOYMENT OPPORTUNITIES SECTION is the national market place for those wanting the services of men in 
technical, engineering and operating capacities in the fields served by these publications. 





AMERICAN MACHINIST 

AVIATION WEEK 

BUS TRANSPORTATION 

BUSINESS WEEK 

CHEMICAL ENGINEERING 

CHEMICAL WEEK 

COAL AGE 

CONSTRUCTION METHODS AND EQUIPMENT 


ELECTRICAL CONSTRUCTION AND 
MAINTENANCE 


ELECTRICAL MERCHANDISING 
ELECTRICAL WHOLESALING 
ELECTRICAL WORLD 
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ELECTRONICS 

ENGINEERING AND MINING JOURNAL 
ENGINEERING NEWS-RECORD 
FACTORY MANAGEMENT AND MAINTENANCE 
FLEET OWNER 

FOOD ENGINEERING 

NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 

PETROLEUM WEEK 

POWER 

PRODUCT ENGINEERING 

TEXTILE WORLD 


The men you need are the men who read the 
EMPLOYMENT OPPORTUNITIES SECTION of 


McGRAW-HILL PUBLICATIONS 


330 WEST 42nd ST., NEW YORK 36, N. Y. 
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Accumulators 


Actuators 
Mechanical 


Adhesives 


Aluminum Alloys 22-23, 64-65 


2, 
110-111, 119-120, 380 


Aluminum Coated Sheet and Strip 
(see Steel, Coated) 


Assemblies 
Electrical 
Hydraulic 


Axies 


Ball Joints 


Bars 


Metal ...4, 38, 115, 306, 355 


Bearings 


Ball 44, 104, 134, 229, 237, 312 
343, 358, 360, 363, 388 


Belts, Timing 
Belts, V. ..12, 348, 350-351 
Benders . 110-111 
Bi-Metal 

Blowers 

Bolts 

Books 


Boosters 


Brake Motors 

Brakes — 
Electric 
Mechanical 

Brass 

Brazing 

Bronze 

Brushes 


Bushings 


Cabinets 


Cam Followers 


Capacitors 


Castings 20-21, 291, 355 
Castings, Precision Investment 


Continued on p. 404 
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Special @) Fasteners — Sample brochure sent upon request 


LOOKING FOR SOMETHING 
wike.. ‘hese? 


Just a few of the hundreds of ® specials used to increase 
strength, improve design, eliminate vibration . .. make better products faster. 


If any of these specials could speed your production . .. 
reduce costs...do a better job than the fasteners you're now using, 
it will pay you to call ©. 
For unusual jobs... extreme conditions, our engineers will gladly 
cooperate in producing the special fastener design you need. 


BUFFALO BOLT COMPANY 
Division of Buffalo-Eclipse Corporation 
NORTH TONAWANDA, WN. Y. 





@ 3 convenient service centers 


WESTERN OFFICE 
Chicago 
HArrison 77-2172 





EASTERN OFFICE 
New York City 
REctor 2-1888 


CENTRAL OFFICE 
North Tonawanda 
JAckson 2400 (Buffalo) 





Many GOOD products 
can be made BETTER 
...With 


SPECIAL 
FASTENERS 
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makes hand lettering old fashioned 


Its speed and uniformity is standard in modern drafting rooms—Legible 


reproduction of lettering is a must. But perfect hand lettering takes time and 
skill, and both cost big money these days. That’s why thousands of modern 


drafting rooms have adopted Leroy® lettering—a K&E development—as 


standard on all jobs. 

Leroy lettering can’t help but be perfect regardless of the job or the ex- 
perience of the man. Each letter is completely and uniformly produced in one 
quick, simple operation. It’s so exact, yet so simple, that one man can start 
the job and another finish it without any variation in lettering. Because the 
lettering template is the same, there’s almost no room for mistakes. 

Every necessary type face and symbol in a wide range of sizes, is available 
in Leroy templates. Each template is engraved with traditional K&E atten- 
tion to quality, built for a lifetime of use. Special electronic, mathematical, 
mapping and geological templates are available . . . we'll even make them to 
order with your own symbols or trademarks. See Leroy lettering equipment 


at your K&E 


dealer. 


89 YEARS OF LEADERSHIP I[n equipment and materials for 
drafting, surveying, reproduction and optical tooling . . 
and measuring tapes. 


KEUFFEL & ESSER Co. 


NEW YORK + HOBOKEN, N. J. « Detroit » Chicago + St. Louis » Dallas * San Francisco + Los Angeles » Seattle » Montrea/ 
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Ceramics neqed ae 


Chains 
Conveyors 
Roller 


. .55, 308, 398 
55, 297, 308, 236- .— 
Silent 


Chemical Treatments 


Chromium Alloys 
Clad Metals 
Clamps 
Clamps, Hose 
Closures 
Clutches 


Electrical TTT TT? 
Mechanical 271, 290, 378 
98, 227, 250, 296, 388 
Coils ‘ ccces Sa 


Coatings 


Cold Headed Parts .278, 384 


Compressors . 281-282 

Connectors 
Electrical 
Hose 
Tube 


3 
:276, 292, 382-383 
276, 292, 382-383 


60-61, 253 
-263, 354 


Contacts & Contact Materials. 
Control Panels & Switchboards. 


Controls 
Electrical 348-34C, 60-61 
" '247- 248, "260, 263, 309, 79 
247-248, 
"ios, 335, 


Electronic 
Hydraulic 
Mechanical 
Pneumatic 


Conveyor Belts 
Copper & Copper Alloys 
Cords 
Counters 
Couplings (see Connectors, Electrical) 
Couplings 
Electrical 
Hose 
Hydraulic 
Mechanical 
Tube 
Cylinders 


Hydraulic 


Pneumatic ‘87, 121, 


Decaicomanias 


Deep Drawing 


Die Castings 

Dies 

Differentials 

1957 
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announces 
an unusually precise 


SERVOMOTOR- 
wins TACHOMETER 


Machines 128, 318- 
Supplies 35, 243, 318-319, 


Drives 
Adjustable Speed , ... 106-107, 
Timing 


Variable Speed . 3rd ‘Cover, 16, 


I 
HIGHER + 
: AMBIENTS 1 


Electrical & Electronic Components 
Custom Made (see also Production 
Services) . .279, 


Dynamometers 


Engine indicators & Controls ....124- 


Engineering Services (see also Pro- 
duction Services) coccce sae Ge 
‘287, 321, 


Engines . 259, 268-269, 287, 
361, 


Extrusions 
Metallic 2, 302, 355, 378, 


Se 11 | GREATER 


F SJLHLX7 


nines (Actual size) ' RUGGEDN ESS 


Plastics See Plastics, 
Fabricated) 


Fabricated Steel (see Plate, Fabri- 
cated, Sheet Fabricated, Structural! 
Forms & Shapes, see Weildments) 


Fastening Methods ......37, 132, 255, 
357, 384, 


Merete 249, 


Filters 
Air . 
Hydraulic 


- —w Equipment & ) Sap 
| 


Fittings, Hose, Pipe & Tube 


Fixture Clamps . eEATURES: 


S) 
Fiexible Couplings oltage (RM 


Zero speed V 19.0m 
Flexible Shafts 


Forgings 56-57, 236, Max gta 
Furniture, Engineering Dept. ’ Linearity 
Output Gr 
Servo mo ° 
Equippe ce assembly: 
G Rugeed ° one-ple 


sete & 
Gages, Pressure or Vacuum write tor comp 


Gaskets .. . .122- 


Gear Motors (see also Motor 
ducers) ......3rd Cover, 96, 


een """8— lasTERN AUR DEVICES. Ive 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 
Continued on p. 406 381 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 
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Designers 


OPERATION TELEPHONE | 
4 


ee 
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~ 


may introduce you to 


Continued from p. 405 


ao aaa Oe ere rm 


Generators 
A-C 


\ 


_ 
~ 


ee Graphic Charts 


Graphite 


Across the nation, we have talked by 
phone with men who have expressed 
interest in our design work. Easily, quickly 
they have been able to get the important 
facts on our attractive career opportunities 


Heat Exchangers . 

Heating Units 

High Temperature Alloys 

Hose & Tubing 276, 292, 382-383 


If you are restless — perhaps in a deadend 

job — mail the coupon immediately. ; ae a 
Chances arc we will call you shortly — give Mechanical 
you an opportunity to verbally investigate 

what we have to offer. 


Ability shows up fast in our design work. Jewels 385, 392 
Some of our top men, with top earnings and 

responsibility, are comparatively young. 

It could happen to you. 


Laminated Plastics (see Plastics, Lam- 
. ted 
Be sure to give us your home telephone number — 


Latches .... : — us oe 
Leather ... ‘ ..2nd Cover, 241 





‘Mr. E. M. Peterson, Office 34, Design Employment Locks 
Pratt & Whitney Aircraft, East Hartford, Conn. Lubricants 250, 283, 374 
I would like to learn more about your openings for product and 
compenent designers. My experience has been in the following Lubricating Equipment 267 
elds 
©) Nuclear Design D Aerodynamics © Bearings 
©) Compressors C) Hydraulics O Piping 
©) Turbines O Gears C} Controls 
©) Structures 0 Valves O Test Equipment M 
(©) Afterburners and () Heat Exchangers () Test R 
Related Equipment and Combustion Problems Maanesium Alloys 
Total years Mechanical Design ag y 


You can reach me at. Magnets 
(home telephone) 
hours for receiving calls are between Manganese Alloys . 





Metal Bonded to Plastic 


Moldings 
Glass (see Glass Parts) 
Plastics (see Plastic Parts) 
Powdered Metal (see Powdered 
Meta! Parts) 
Rubber (see Rubber Parts) 


PRATT & WHITNEY AIRCRAFT Motors) trtsseeesss45r 150, 310, 37 


Motors, A-C 
- Fractional .........26-27, 95, 117, 130 
284, 307, 316, 359 
Integral .26-27, 117, 359 
Sub-Fractional .. 26-27, 130, 380 
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Motors, D-C 
Fractional .......26-27, 95, 101A-101B 
107, 117, 130, 284, 307, 359 
Integral 26-27, 101A-101B 
107, 117, 359 
Sub-Fractional ........26-27, 130, 380 


Motors, Hydraulic . 317, 329, 335, 345 


Name Plates ees _ . .354, 
Nickel Alloys sees cece e* 38, 


Nuts .. .+++.14, 28-29, 37, 49, 66, 
346, 


Packings ++ «ee++-122-123, 241, 254 
285, 352, 358, 372 


Paints sceece ‘ oo ae 

Paper -aeeeeeees —e . 289 

Perforated Metals se : . 379 

Phosphor Bronze ... 397 

Pillow Blocks . 44, 343, 350-351 

Pilot Lights erty ~«+++-60-61 

Pins .. (abe bavesaeese .49, 63, 392 

Pipe 

Plastic Parts 261, 279, 

Plastics ..18-19, 33-34, 126, 252, 320, 

Plastics Fabricated 

Piastics Laminated 

Pilates 

Plates, Ciutch 

Powdered Metal Parts...8, 50-51, 71, 

Power Take-Offs . 

Pressure Switches 

Production Machines & Processes.... 

Production Services (see also Engi- 
neering Services). .47, 110-111, 321, 

Protective Devices, Motor. . 


Pulleys eo pusceese 350-351, 


Radioactive Sources & Materials.... 


Recorders 


Continued on p. 408 
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WHAT ARE YOUR 
REQUIREMENTS IN A 


ROTARY PUMP? 


Today perhaps your requirements are for hydraulic applica- 
tions .. . next week for processing equipment ... next month for 
pressure lubrication on industrial equipment. Whatever the 
need, Roper has the right pump for you—to do the job better! 


ROPER DESIGNS AND 
BUILDS CUSTOM PUMPS 


Roper’s basic principle employing two equal size pumping 
gears lends itself to wide flexibility in designing custom 
pumps. You name the P.S.L., the G.P.M., the port arrange- 
ment required, plus other data and we'll work with you in 
developing rugged, dependable equipment. 


MANY STANDARD ROPERS 
ARE ADAPTABLE TO YOUR NEEDS 


With a large selection of both standard and special units 
from which to choose, substantial savings in designing and 
engineering costs can be affected. A look at your specifica- 
tions will tell us if such standard Ropers can be adapted or 
modified for your needs 


Send for Free Booklet 
"HOW TO SOLVE PUMPING PROBLEMS” 


ROPER 
re Ola ty Ficmyos 


GEO. D. ROPER CORPORATION, 371 BLACKHAWK PARK AVE., ROCKFORD, ILL. 





Transmit Motion 


USING A NEG 


Without Backlash 
ATOR’ SPRING 





Quiet, gearless transfer of motion with- 
out slippage or backlash—still another 
function of Hunter’s versatile design 
component, the NEG’ATOR constant- 
tension Spring. 

Searching for a gearless method to 
link and synchronize the action of 
paper handling rollers to the timing 
drive assembly on the new “ROCKET”’ 
duplicating machine, design engineers 
at Standard Duplicating Machines 
Corp. tried cords, cables, chains 
found that NEG’ATOR Springs outper- 
formed all. 

So, as illustrated, they attached the 
free ends of two NEG’ATORS to the 
cam-and-lever driven timing segment 
and the free end of a third NEG’ATOR 
to an idler pulley. The constant ten- 
dency of the NEG’ATORS to return to 
their original coiled condition when 
extended keeps them taut—eliminates 


backlash. They rewind smoothly on 
the drive pulleys as the pulleys are 
returned, under spring tension, to the 
cycle starting position. 

By replacing gear trains with 
NEG’ATORS, Standard’s engineers ob- 
tained efficient operation, longer life, 
quieter operation, and reduced unit 
cost. The “ROCKET’’ is said to be the 
“quietest machine on the market.” 

Used in the manner described or to 
counterbalance without mass, main- 
tain constant pressure, deliver retract- 
ing force, power portable units, expand 
a scale, or perform other functions, 
the constant-tension NEG’ATOR Spring 
mightoffer just what you’re looking for. 

You can learn more about the 
NEG’ATOR, its characteristics, forms, 
functions, and applications by reading 
Bulletin 310N. Send for a copy. 





| THE HUNTER 





lat-ye mites 


fotolal-2¢-lahGaiel get ME telalale 


HUNTER SPRING COMPANY 
5 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS « 


STAMPINGS * TEST APPARATUS 
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Regulators 
Hydraulic 


Pneumatic ..75, 


Relays 70, 106-107, 116, 218, 247- 


263, 275, 309, 314, 385, 

Reproduction Supplies 243, 318-319, 
Reproduction Equipment 318 
Resins , 126 
Retaining Rings 73, 
Rings & Loops 
Rivets 
Rod Ends 
Rods 

Metallic . 

Non-Metallic 
Rubber 46, 81, 109, 231, 277, 


Rubber Parts 2nd Cover, 46, 91, 


Rust Proofing 


s 


Screws 14, 32, 84-85, 118, 278, 


Sealants 


Seals 2nd Cover, 91, 101, 122-123, 


267, 285, 352, 358, 367, 
Seating Work Equipment 


Shapes, Rolled Formed. .110-111, 341, 


Sheaves 350-351, 


Sheets 
Metal 


4, 315, 355, 
Plastic 7 


8, 
Silicone Rubber 
Silicones 
Slides 
Solenoids 220, 324, 
Specialty Fasteners (Pipe Hangers, 
Special Cold Headed Parts, etc.)... 
92, 108, 132, 278, 371, 390, 
Speed Reducers 16, 42, 310, 339 
Splines 
Springs 356, 398 
Sprockets 55, 297, 350-351 
Stampings 271, 279, 365, : 


Steel 
Alloy 20-21, 38, 58-59, 62, 
233, 
Carbon 
Coated 
Stainless 
291, 299, 313, 315, 
Tool 


Strainers 


Strip Metallic 4, 38, 233, 283, 315, 
397, 


Structural Forms & Shapes 
Studs 278, 


Switches 52-53, 60-61, 74, 83, 244-245 
2 


47-248, 387, 410 
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Tables, Dial-Feed bes 264 
Testing Machines & Equipment. .70, 242 
Thermostats aoa keen . 48 
Timers .72, 300, 349, 379, 385 
Timing Motors 300, 303, 349 
Titanium 34D 
Torque Converters 271 
Tracing Cloth 318-319 
Tracing Paper . , 293, 318-319 
Transformers .. o. 324 
Transmissions . 271, 399 
Traps (Steam) . 304 
Tubing 

Flexible Metal 257, 382-383 

Lock-Seam .... ann . 341 

Plastic 78, 252, 298 


Seamiess .... 15, 355, 416 
Welded .. 38, 82, 355 


Universal Joints ... , 253, 271 


Vv 


Valves 
Air. , 105, 113, 281-282, 322, 335 
374 
Control , -_ 1, 372, 374 
Hydraulic ...41, 103, 105, 113, 329, 335 
345, 368 
Solenoid . 1, 113, 263 


Vibratory Equipment 242, 413 


w 


Washers .... .++77, 255, 337, 346, 365 
Washers (see Packings) 
Welding 

Equipment .. 

Nuts ...... 

Supplies 
Weldments .. 
Wheels - 280 
Wire . 4, 38, 67-68, 79, 279, 355 
Wire & Cabie be Be 67 -68 
Wire Cloth .. , 381, 395 
Wire Forming . : 398 
Wiring Devices 352 


Zinc Coated Sheets . 325 
Zinc Coated Strip 233 
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MOND ILAUNID 


WELDING NUTS 
«ee Make Tough Jobs Easy! 


TIME! 
ROUBLE! 


If you’ve got a product involving metal fabricating, 
fastening or assembling, chances are you can use Mid- 
land Welding Nuts to big advantage. 


They come in all sizes for every-sized job. Welded 
to the part or parts concerned, they don’t have to be 
held while bolts are turned into them. Thus one man 
can often do the work of two. 


And they’re indispensable when it comes to those 
tucked away, hard-to-get-at places. Welded in advance 
to those inside spots where it is difficult—or impossible— 
for hands or tools to reach, Midland Welding Nuts hold 
fast while bolts are turned into them. 


If you’re a designer, you'll want to know about these 
time and labor-savers, too. Midland Welding Nuts will 
solve and simplify many of your problems, too. 


Write or phone for complete information! 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue * Detroit 11, Michigan 
Export Department: 38 Pearl St.. New York, N. Y. 
Manufacturers of 
Automobile and Truck Frames ° Air and Vacuum Power Brakes 
Air and Electro-Pneumatic Door Controls 





Designed for versatility— 
Built for long life... 


/VEW acro 


Spit Contact 
SWITCH 


Model C-11008 
Actual Size c,C2 


CIRCUIT DIAGRAM 


Tested up to 40 million 
actuations without failure! 





An important addition to the well-known Acro line is this 
new split contact snap-action micro switch. It features high 
capacity—aup to 34 hp, and dual circuitry—five terminals. 
In this design, the rugged, time-proven Acro rolling spring 
snap-action principle is utilized to assure long life and 
precision performance. 


The Model C-11008 shown above is a normally closed 
switch. However, the double-throw arrangement in the 
diagram can control two single pole single throw circuits 
or can be used for double make or break in a single circuit. 
It’s rated at 15 amps and is available with pin plunger or 
with various leaf and roll leaf bracket actuators to suit 
your individual application. 

If you’re looking for a way to improve your product’s 
performance and to lower your costs, more than likely this 
new Acro switch or one of Acro’s many other designs is 
just what you need. We’ll be glad to send descriptive 
literature—without obligation. 


CRO 


G COMPA 
MANUFACT vy 
SWITCH DIVISION 
Columbus 16, Ohio 
Plants at Columbus and Hillsboro 
REPRESENTATIVES IN PRINCIPAL CITIES 





INDEX TO 
ADVERTISERS 


This index is published as @ con- 
venience to the readers. Boery eare 
is taken to make it accurate but 
PRODUCT BNGINBEERING 4as- 
sumes no reaponsibility fer errors 
r omisstons 


A 


Acme Chain Corp. 
Acro Switch Div., Acro ‘Mfg. Co 
Acushnet Process Co.. 
Allegheny Ludium Steel ‘Corp 355 
Allen-Bradley Co. .....60-eeeeees 247-248 
Allen Mfg. Co ; 
Allied Research Products, 
Allis Co., Louis. 
Alpha Molykote Corp se 
Aluminum Co. of America... 
American Brass Co 
American Chain & Cable Co., 
American Cyanamid . 
Plastics & Resins Div.... 
American Feit Co 
American Hard Rubber Co. 
American Metal Hose Div., 
American Brass Co. 
American Nickeloid Co... 
American Steel & Wire Div., 
U. S. Steel Corp 
American Welding & Mfg. Co 
Amforge Div., American Brake 
Shoe Co. . >. oeee 
Arens Controls, inc. 
Armco Steel Corp. 
Armstrong Products Co. 
Atlas Chain & Mfg. Co. 
Automatic Electric Sales Corp 
Automatic Switch Co : 
Automatic Temperature Control ‘Co 


Baidor Electric Co., Electric 
Motor Div. ... -Ebege 
Barksdale Valves" 
Beaver Precision Products, 
Bendix Aviation Corp., Eclipse 
Machine Div. - 
Bendix Aviation Corp., “Pacific ‘Div. 
Bird Co., Inc., Richard H... , 
Blood Brothers Machine Div., 
Rockwell Spring & Axle Co 
Bodine Electric Be ces 
Browning Mfg. Co ; vies 
Bruning Co., Inc., Charies....35, 318- 
Buffalo Bolt Co., Div., Buffalo- wonyee 
Corp 4 
Bunting Brass & Bronze Co.. 


Calidyne Co. 
Cambridge Wire Cloth Co... 
Camiloc Fastener Corp. 
Cannon-Muskegon Corp. 
Carpenter Steel Co. 
Carpenter Steel Co., Alloy Tube Div. 
Central Foundry Div., General 
Motors Corp. 
Centralab Div., Globe-Union, 
Century a Co 
Chace Co., ° 
Chicago Wawhide Mfg. 
Chrysler Corp., industrial 
Engine Div. 
Clare & Co., C. 
Clark Controller Co. 
Clearprint Paper Co. — 
Cleveland Cap Screw Co , 
Cleveland Worm & Gear Co.. 
Cold Metal Products 
Columbia-Geneva Steel Div., 
U. S. Steel Corp 
Columbia Steel & Shatting Co., 
Summerill vening Se., Div... 
Conax Corp 
Cooper Alloy Corp. ... 
Cramer Controls Corp. 
Cramer Posture Chair Co., Inc 
Crane Packing Co. 
Crucible Steel Co. of America 
Curtis Universal Joint Co., Inc 
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Dana Corp. 271 
DeLaval Steam Turbine Co 339 
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Century Enterprises, Inc., New 
York City — Fryer wrap-around 
of copper steel reduces scrap fac- 
tor, eliminates post-plating. Result: 
increased production, lower cost, 
fewer rejects 


Capitol Products Co., Winsted, 
Conn. — Triple plated (copper- 
nickel-chrome) steel toaster shel! 
eliminates costly and dangerou 
hand buffing. Result: increased 
production, fewer rejects 


Marlun Manufacturing Co., 
Woodside, Long Island — icon e 
steel rotisserie shell eliminates 
post- plating operation — saves 
20% in production costs. 


HOW MANY REJECTS 
CAN YOU AFFORD? 


If you’re plagued by a high scrap factor due 


post-plating, 


buffing and excessive handling of p!ated metal components, check 
~ L I I 


the advantages of pre-plated Nickeloid Metals. These modern finished 


raw materials have brought new methods of production to the appli- 


ance industry in a wide 


range of cost-saving applications: toaster 


shells, rotisserie bodies, fryer wrap-arounds, hot plates, heating 


element covers and decorative trim. 


Nickeloid Metals help reduce rejects because they eliminate three 


production steps—plating, cleaning, buffing; minimize handling oper- 


ations—the plated part moves from fabrication right into assembly; 


and the metal, itself, is durably, 


uniformly pre-plated. 


Remember, too, that in most cases Nickeloid Metals fit right into 


standard production techniques— 


require no extensive re-tooling or 


special handling. For severe forming operations use Nickeloid Metals 


protected with Mar-Not, a protective coating that peels off. 


CHROME, NICKEL, COPPER OR 


BRASS FINISHES ON BASE METALS OF 


STEEL, ZINC, COPPER, BRASS AND ALUMINUM. SHEETS, COILS AND STRIPS. 


NICKELOID METALS 


SINCE 1898 


More Than a Metal — It’s a Method! 


Send for Free 


Sampler -Selector 


Handy slide-chart gives specifications, 
finishes and typical uses for Nickeloid 
Metals Contains 8 metal samples 


AMERICAN NICKELOID COMPANY 


Peru 4, Itlinois 
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Where the temperature hits 200°C. or the dry circuit is down- 
right arid, your best bet for reliability is a “Diamond H” Series 
R miniature, hermetically sealed, aircraft type relay. Their 
shock and vibration resistance you may take for granted. 

On the other hand, Series R relays (4 PDT) also give ex- 
cellent reliability at —65°C. and will carry up to 10 amperes 


in power circuits . . 


. or even 20 amperes for short life re- 


quirements. In other words, they offer an extremely wide 
range of performance characteristics from which “Diamond 
H” engineers will be happy to work out a variation to meet 
your specific requirements. Just ask. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Vibration Resistance: 


Temperature Range: 


Coils: 


Insulation Resistance: 


Dielectric Strength: 
Operating Time: 


Contacts: 


Operational 
Shock Resistance: 


Mechanical 
Shock Resistance: 


Mounting: 


Size: 
Weight: 


10-55 cycles at 1/16” double amplitude 

55-500 cycles at 15 “G” 

55-1,000 cycles at 15 “G” 

55-2,000 cycles at 20 “G” 

—55° to +85°C. 

—65° to +125°C. 

—65° to +200°C. 

Resistances—1 ohm to 50,000 ohms 

Arrangements—-single coil; 

two independent coils, either or both of 
which will operate unit 

1,000 megohms at room temperature 

100 megohms at 200°C. 

450 to 1,000 V., RMS 

24 V. models 10 ms. or less; dropout less 
than 3 ms. 

30 V., D.C.; 115 V:, A.C.; 2, 5, 7% and 
10 A., resistive; 2 and 5 A. inductive. 

Minimum 100,000 cycles life. 

Low interelectrode capacitance—less than 5 
mmf. contacts to case; less than 2% mmf. 
between contacts. 

Special Ratings: to 350 V., D.C., 400 MA.., 
or other combinations including very low 
voltages and amperages or amperages to 
4 


4VU. 


30, 40 and 50 “G” plus 


up to 1,000 “G” 

9 standard arrangements to meet all needs 
—plus ceramic plug-in socket. 

1.6 cu. in. 

4 oz. or less 


Bulletin R-250 gives more complete data. Send for a copy. 


THE HART MANUFACTURING COMPANY 


206 BARTHOLOMEW AVENUE, HARTFORD, CONN. 
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FIGHT VIBRATION WIT r VIBRATION 


Shaker system for 
omplex motion tests 





) pyres = TECHNIQUE in environ- 
mental testing is complex 
motion testing. It comes closest 
to reproducing actual vibrational 
environments encountered in 
operation of missiles, aircraft, 
vehicles. 

An MB Vibration Exciter Sys- 
tem designed for such service is 
one of optimum versatility. It 
fulfills not only the special needs 
of random motion testing, but 
virtually any other test specifi- 
cation as well . .. such as sinu- 
soidal motion testing, fatigue 
testing, automatic cycling, and 
provisions of MIL-E-5272A. 


HEART OF THE SYSTEM—THE EXCITER 


The MB Model C-25HB (shown) 
is rated at 5000 pounds peak 
force. Its table assembly is un- 
usually stiff to reduce reso- 
nances yet weighs only 75 
pounds. Axial resonance lies well 
over 2000 cps operating range. 


This and other MB Exciters 
for 200, 1200, 1700, 3500, 7000 and 
15,000 pound force faithfully re- 
produce complex input signals 
when teamed with an MB am- 
plifier and compensation console. 


MATCHED PERFORMANCE 


Other elements of the system are 
integrated with the exciter’s high 
performance. An electronic am- 
plifier fulfills the power demands. 
A control cabinet houses all nec- 
essary instrumentation plus fre- 
quency and amplitude controls. 
Circuits in a compensation con- 
sole give automatic adjustment 
so that table acceleration re- 
mains proportional to input volt- 
ages. A top quality tape recorder 
for playback of the complex 
wave patterns may be used. 

If you have any questions on 
vibration testing at all, come to 
a leading authority on the sub- 
ject ... the MB engineering staff. 


manufacturing company 


A DIVISION OF TEXTRON INC. 
1060 State Street, New Haven 11, Conn. 


HEADQUARTERS FOR PRODUCTS TO ISOLATE .. . EXCITE. 





. AND MEASURE VIBRATION 


| 





Important! 
Specify TEFLON’ 
by its 
properties! 





TEFLON can provide extraordinary physical, electrical, 
and chemical properties, but these properties cannot be 
taken for granted. 

The method used to convert Teflon powder into fin- 
ished rods, sheets, and tubes greatly affects the quality 
obtained. This quality, in turn, governs the properties of 
the end product. 

So to assure performance, actually specify not only 
Tefion but also the important properties required. 

Two grades of Fluoroflex-T deliver the optimum prop- 
erties you specify for Teflon. 


(1) “Electrical grade” Fluoroflex-T is certified to con- 
form to all important electrical and physical proper- 
ties. It meets the most critical requirements. 

(2) A more economical “mechanical grade” satisfies all 
chemical and thermal needs and offers up to 50% 
greater resistance to elongation under mechanical 
loads. 

Both grades are produced under exacting quality con- 
trol standards and are stress relieved to insure that ma- 
chined parts are dimensionally stable. 

Send for data or better still tell us what specific 
properties are important for your application. 

@ Teflon is a DuPont trademark. Fluoroflex is a Resistofl 


RESISTOFLEX 


CORPORATION @ 





Roseland, N.J. Western Plant: Burbank, Calif. 


WAREHOUSING DISTRIBUTORS: Clean, ill.—Colonial Kolonite Co.; Flow Products, Inc. « 
—F. B. Wright Co. Conn.—industrial Safety Supply Co. « Houston, Tex.— 
Lone Star Rubber Co. * Les Angeles, cotit Went —Western Fibrous Glass Products * New York, N. Y. Allied Plastics 
Supply Corp. « |, Mass.—Laminated Sheet Products Corp. * Pittsburgh, Pa.—Shields Rubber Corp 
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WELDON 


FLUID METERING PUMPS 


Positive Displacement Rotor Type. For Industrial Applications, 
Aircraft Anti-lcing and Aircraft Fuel. 


IT’S SO SIMPLE! 


The rotation of the rotor draws the fluid in through two passages, 
filling the cavities formed by the three lobes of the rotor. This 
fluid is sealed within these small cavities until it is forced through 
the two outlet holes by the floating blades. The flow may be 
kept uniformly divided through two outlet ports, or may be 
combined internally for passage through a single port. 


Compact « Light Weight 
Send for Weldon Manual and Catalog with detailed 
specifications and installation drawings, covering the 
full range of Weldon pumps in various capacities. 
Specify your requirements. 


WOODHILL ROAD:-- CLEVELAND 4, OHIO 





Cut Hydraulic Flow Resistance... 
Specify HY DRALUSTER 


the Only “rifle-barrel” Tubing 


AXIOM: The smoother the surface, the less 
resistance offered. And here you sce the inside of 
a section of HYDRALUSTER tubing . . . photographic 
proof of a super-smooth surface. 

Hydraluster is a cold-reduced, carbon steel tube for 
hydraulic and diesel application. Its exclusive finish 
is the reason that systems using Hydraluster are 
developing the highest rates of power efficiency and 
reaction time. 

Hydraluster has other advantages to offer the Orig- 
inal Equipment Manufacturer. Hydraluster is highly 
resistant to oxidation, even under the conditions im- 
posed by the newest, high-speed fluids. The result is 





greatly improved maintenance records. And the bright 
exterior finish of the tubing adds to the appearance 
and sales appeal of precision machinery. 

Produced in standard hydraulic sizes, Hydraluster 
is a premium tube sold at standard hydraulic tubing 
prices. 





SAMPLES and SPECIFICATIONS: Make the 
“rifle-barrel'’ test yourself. Your name on a com- 
pany letterhead will bring specifications, litera- 
ture and a sample of Hydraluster by return mail. 











Tubing Company Division-Columbia Steel & Shafting Co. 


PITTSBURGH 30, PA. DEPT. NO. 3-11 


District Offices: Buffalo * Chattanooga * Cleveland * Dayton * Hartford * Philadelphia °* Pittsburgh * Milwavkee ° Chicago 
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3-POINT tasy-to-use 
READER SERVICE to tee vou 


. . « find out more about the New Materials and Components described 


obtain copies of new catalogs and bulletins 


. get more information about products advertised in this issue 


Now, one of these handy prepaid 
postcards will bring you more in 
formation about any product adver- 
tised or mentioned editorially in 
this issue of Product Engineering. 


Here's How to Use the Card 
‘or your copy of any new catalog or 
bulletin, circle key numbers in the 
space indicated. Bulletins are de- 
scribed on pages 332-348. 


l'o get more data about new Com 
ponents, Materials and Parts fully 
described on pages 224328, just 
circle the appropriate key number 


lo get more information about ad 
vertised products, circle the page 
number of the advertisement in 
which you are interested. If more 
than one advertisement is located 
on a single page, letters preceding 
number identify each advertisement. 
Key: ‘T—Top; B—Bottom; R— 
Right; L—Left; TL—Top left; 
BL—Bottom left; TR—Top right; 
BR—Bottom right. 


For specialized data . . . prices, sizes 
available, nearest source of supply, 
ctc. . . . do not circle key number 
but indicate your needs in the space 
allotted at the bottom of the card. 
Use this space, too, if information 
about a specific product among 
several mentioned in an advertise- 
ment is desired. 


or TYPE your address before mailing 








FIRST CLASS 
PERMIT NO. 64 
Sec. 34.9 P.LA&R.) 
NEW YORK, N. Y. 








PLEASE TYPE Of PRINT 





PRODUCT ENGINEERING 
READER SERVICE DEPARTMENT 


NEW YORK 36, N. Y. 


—4¢ POSTAGE WILL BE PAID BY— 
330 WEST 42nd ST. 


NO POSTAGE STAMP NECESSARY if MAILED IN THE UNITED STATES 


BUSINESS REPLY CARD 

















Company. 
City & Stote 





30—Computing Relay 
NEW PRODUCTS. .... race ottecnce SS cree 


9 


32—Fuseholder and Fuse 
engineering materials appear on pages 224-328. Circle key number for more = 33__ adhesive Aluminum Nameplates 
data 34—Modeling Plastic Compound 
35—Regulated D-C Power Supply 
l—Reversible Solenoid Valves 15—Expansion Joints 36—Self-Sealing Bolts 
2—Spherical Bearing 16—Cam Limit Switch Sos Cabinets 
3—Oriented Ceramic Permanent 17-—D-c Power Rectifier 38—Plug-in Totalizer 
Magnets 1s—Singie Turn Pctentiometer 39—Transistorized Digital Counter 
4—Switch with Adjustable Actuator 19—Self-Locking Nylon Nut 40—-Molybdenum Disulfide 
5—Self-Wedging Nut 20—Two-Element Oil Pump 41—Transparent Labels 
6—Mounting for Glass Panel 21—Vinyl-Coated Steel and Aluminum a ~~ —yaeate with Wide Torque 
7—Solenoid-Operated Rotary Switches —Time Interval Meter : — L 
8—Cam-Actuated Snap Switch 43—-Switch for Two or More Circuits 


7 "re » Irs cer 
§—Valve Protector for Hydraulics i4—Pressure Transducer 


— id PVC Pi 
Rig Pvc pe 15—Synchronous Gear Motor 


i6—Preset Counter 
47-—Dual Relief Valves 


3—Subminiature Relays 
4 
5 


10—Compass and Ellipsograph 
1l—Gear Reduction Pulley 
12—-Thermostat for Up to 700 F 


9 

25—Electronic Speed Control 
26—Coincidence Thyratron 
2 
2 


—Panel Meter 


3—Subminiature Snap-Action Switch 48—Calibrated Expansion Vaive 


14—Rotary Joint 49—Motor-Gear Train 
50—Fhp Motors in 48 Frames 
51—Heavy Duty Step Switch 
52—Multi-Contact Relay 
53—Brass Solenoid Valve 


8—Synchronous Clock Movement 
9—T-Slot Bolts 


PRINT or TYPE your address before mailing 





54—Flange Union For High Pressures 


55—Servo Actuator 
CIRCLE THESE NUMBERS FOR FURTHER INFORMATION ON PRODUCTS ADVERTISED 56—Motor for Timing Units 


2 4 6 il 12 4 15 16 17 184 i 57—Steam Trap 
26-7 29 8630 32 34bec 34d 34ef q 58—-Snap-Acting Thermostat 
39 40 41 43 6 7 48 ‘ 

55 58-9 62 66 67-8 60 59—Linear Scale Ammeters 

74 7 78 81 R2 83 . 60—Subminiature Potentiometers 
90 92 o4 97 gs 99 61—High Deflection Hangers 


108 105 — 62—Gear Pump for Up to 200 Psi 


229 233 27 
251 1.253 3 


- 
‘ 


L283 284 
246 ws 
213 67—Quick-Connect Coupling 
325 331 334 33 68—-Operations Control 

L340 341 1344 346 347 69 
355 BR356 ; 

TRI60 BAR 
BR374 

TR378 T385 
1391 
BL398 

404 405 44 


130 . 
242 63—-Color-Coded Gasket Stock 

7 64—-Subminiature Three-Pole Relay 
T274 77 65—Circuit Breaker 
287 


301 66—A-c Solenoid Has Solid Plunger 


GYESERRSSsOSE 


Control Circuit for Meter-Relays 








CIRCLE THESE KEY NUMBERS 


FOR FURTHER DATA ON 
CIRCLE THESE NUMBERS FOR INFORMATION ON NEW PRODUCTS LISTED IN THIS ISSUE 
SI 4 5 6 7 8 9 10 il 12 13 
17 a 19 20 21 22 23 24 25 26 27 
31 32 33 34 35 34 37 38 39 40 4! 
46 47 48 49 50 51 52 53 54 
60 61 62 63 “4 aS 6h 68 
7 75 76 77 78 7 80 g1 a2 
RR 50 90 91 92 93 94 96 
102 103 104 





CIRCLE THESE KEY NUMBERS 
FOR INFORMATION ABOUT 








CIRCLE THESE NUMBERS FOR COPIES OF NEW BULLETINS IN THIS ISSUE 


121 122 123 125 126 127 128 129 130 
135 136 137 139 140 141 142 143 144 
149 150 151 153 154 155 156 157 158 


FOR YOUR COPIES OF 








USE THIS SPACE 
TO INDICATE REQUIRED 


Card expires March 1 


107 108 109 m6? 116 < CIRCLE THESE KEY NUMBERS 








70—Hermetically Sealed Switch 
71—-Repeat Cycle Timer 
7 


2—-Temperature Regulator 
Miniature Magnetic Clutches 
74—Flexible Duct 
75—Variable Speed Transmissions 
6—-Solenoid Valve for 100 Psi 
i--Miniature Slip Clutch 
i8—-Mounting Clip for Small Parts 
79—Step Valves 
80-—Electronic Proximity Control 
8i—Synchro Accurate to 3 Min 
82—-Re-rated Motors 
83—Sector Potentiometer 
84—Hydraulic and Pneumatic Cylinder 
85——Pressure Switches 
86—-Single or Double-Wound Relays 
&87—Pillow Blocks 
88—Terminal Blocks 
89—Panel Raceways 
90—-Molded Variable Resistors 
$1—-Relief and Back Pressure Valves 
<ycle Timer 
Stainless Steel Clamp 
94-—Vernier Potentiometer 
95—Miniature Time Delay Relay 
96—Potentiometer in Locking Bushing 
97—Subminiature Terminal 
98—Ultrasonic Seldering Iron 
99—Circuit Continuity Tester 
100——-Dynamometer for Testing Servos 
101-—Digital Meter 
102—Lettering Guide 
103—-Storage Oscilloscope 


101—Circle Templates 





PRODUCTS ADVERTISED 





NEW PRODUCTS .. . 





NEW BULLETINS . . . [ 





SPECIFIC DATA... 


NEW BULLETINS . . . iisies veiow are describes 


on pages 332-348. Circle key number for your copy. 


105—Stamped Gears, 31 pp, Fastex 
106—Fasteners, 23 pp, Fastex 
107—-Spring Design and Selection, 8 pp, 
Associated Springs Corp. 
108—Variable Resistors and Switches, 30 
pp, Stackpole Carbon Co. 
109--Silicon Rectifiers, 11 pp, 
Electric Co 
110—-Standards for Stud Welding, 35 pp. 
K S M Products, Inc. 
111—Synchros, 12 pp, Ford 


General 


Instrument 


112—Fasteners, 12 pp, Shakeproof 

113—Standards for Miniature Screw 
Threads, 17 pp, ASME 

114—-Lubrication Fittings, 8 pp, Universal! 
Lubricating Systems, Inc. 

115—Protective Coatings, 32 pp, Firestone 
Plastics Co. 

116—Where Engineers Work in Industry, 


11 pp, American Society of Tool En- 
gineers 


PRINT or TYPE your address before mailing 


117—Metal Laminates, & pp, Bridgeport 
Brass Co 

118-—Wire, Rod and Alloys, 28 pp, Techal 
loy Co., Inc 
High Pressure Gage Snubber, 2 pp 
Chemiquip Co 
Phosphor-Bronze, 4 pp 
Silver Co 

121—Motor Operated Shut 
pp, Hydromatics Inc 

122—Cluster Fittings, 44 pp, The Weather- 
head Co 

123—Nuclear Reactors, & pp, Industrial 
Div., Minneapolis-Honeywell Regu 
lator Co. 

124—Casting Design as Influenced by 
Foundry Practice, 64 pp, Meehanite 
Metal Corp 

125-——Swivel Joints, 12 pp, Barco Mfg. Co 

126-—-V-Beit Drives, 66 pp. Maurey Mfg 
Corp. 

127—Heat Exchangers, 12 pp, Young Ra- 
diator Co. 
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128—Fastenings, 64 pp, H. M. Harper Co 


128—Push-Pull Remote Control, 4 pp, Con 
trolex Corp. of America 

130—Zine Alloy Gears and Pinions, | 

Gries Reproducer Corp 


pp 


131i—-Aerylic Rods, Tubes and 
pp, Ace Plastic Co. 


132—Casting Alloys, Chart, Henning Bros 
& Smith 


Shapes, 4 


133—-Metal Powders, 6 pp, Metals Disin- 
tegrating Co., Inc. 


1-5 hp Motors, 12 
tric 0. 


135—Shaded-Pole Motors, 
Electric Co. 


134 pp, General Elec- 


12 pp, General 


136—Lubricated Plug Valves, 
Homestead Valve Mfg. Co. 


28 pp, 


137—Fastenings, 24 pp, H. M. Harper Co. 


138—Push-Pull Controls, 30 


Controls, Inc 


pp, Arens 


1398—Relays and Switches, 
inger Mfg. Co., Inc. 


10 pp, Jaid- 


140-——Enclosed Micro 


Switch 
141—Fluid System Specialties, 4 pp, Par- 
ker Appliance Co. 
-Aluminum, 16 pp 
son & Son, Inc. 


143—Sheaves, 16 pp, Fort Worth Steel & 
Machinery Co. 


Switches, 24 pp, 


142 Joseph T. Ryer- 


144—-Flexible Couplings, 24 pp, Morse 
Chain Co. 


145—Aluminum Mill Products, 24 
Kaiser Aluminum Inc. 


146—Carbon-Graphite Material, 8 
United States Graphite Co. 


147—Solderiess Wiring Devices and Con- 
nectors, 8 pp, Electric Terminals 
Corp. 


PP, 


PP, 


148—Sprockets, 19 pp, Cullman Wheel Co. 


149—Electric Motors, 20 pp, Sterling Elec- 
tric Motors, Inc. 

150—Plastic Knobs, 

Inc. 


15 pp, Kurz-Kasch 
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Fiexible Metal Hose and Tubing 
pp, American Brass Co 


Glass Fibers, 6 pp, L.0.F. Gla 
bers Co 


Laminated 
Vulcanized 


Vuleanized Fibre and 
Plastics, Chart, National 
Fibre Co 


—Plastic Pipe, 8 
Rubber Co 


pp, American Hard 


5—Epoxy Resin Adhesives, 11 Min- 


nesota Mining and Mfg 


1 pp, 

Lo 

-— ore Fluid Drives, 8 pp, American 
Blower Corp. 


157—Iron Powders, 14 pp, Republic Steel 
Corp. 


158—Precision Instruments and Servo 
Parts, 128 pp, PIC Design Corp 

159—Screw Thread 

Coil Corp. 


Inserts, 4 pp. Heli- 


160—Synchronous Induction 


Allis-Chalmers Mfg. Co 


Motor, 4 pp 


Requests for information made 
through Product Engineering Read 
er's Service will be forwarded to the 
manufacturer as quickly as we can 
process them. If you write directly 
to the manufacturer, please identify 
advertisement by issue and page 
number to facilitate reply. 





You may not need clock drives, but time 


(production time) is a problem everywhere— 
and that calls for the most dependable, most 
efficient use of electric drives—like here! This 
clock, with 300 Ibs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 

Are you sure you've got the right answer to 
your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 


MASTER ELECTRIC 
MOTORS 





ANOTHER DRIVE REQUIREMENT MEETS ITS 


Motor Ratings... to 400 H.P. All phases, voltages, frequencies. 


Motor Types Squirrel cage, slip ring, synchronous, repulsion- 
start induction, capacitor, direct current. 


Construction Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose. 


Speeds Single-speed, multi-speed, and variable speed. 


Installation Horizontal and vertical, with or without flanges 


¥ and other features. 
Power Drive 


Features Electric brakes (2 types)—5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 
Dayton 1, Ohio 





New design cuts setup time — 
TIMKEN’ bearings up precision 


ECAUSE it has no cams to change, 

this Warner & Swasey 2AC Single 
Spindle Chucking Automatic sets up 
fast like a turret lathe, gives you auto- 
matic operation without the usual 
time-consuming setup procedures. 

And among the many design fea- 
tures contributing to the lasting pro- 
duction accuracy of the 2AC is the 
mounting of the spindle on Timken* 
tapered roller bearings. 

Because of their tapered design, 
Timken bearings take radial and 
thrust loads in any combination, hold 
the spindle in rigid alignment. 


Full line contact between Timken 
bearing rollers and races provides 
maximum load-carrying Capacity. 
And, because Timken bearings are 
built to last the life of the machine, 
maintenance costs go down. 


Timken bearings also save power 
because they practically eliminate fric- 
tion. They are geometrically designed 
to give true rolling motion, precision 
manufactured to live up to their design. 
And to be sure we get steel good enough 
for Timken bearings, we make our own 
fine alloy steel. We’re America’s only 
bearing manufacturer that does. 


HOW WARNER & SWASEY mounts the spindle of its 2AC 
Single Spindle Chucking Automatic on Timken bearings 
to get maximum rigidity, precision and steady machine 


operation. 


NOT JUST A BALL NOT JUST A ROLLER 


THE TIMKEN TAPERED ROLLER 


No other bearings give you all the 
advantages that Timken bearings give 
you. That’s why so many manufac- 
turers of equipment that must have 
dependable bearing performance use 
them. Whether you buy or build ma- 
chinery, be sure to specify Timken 
bearings. Look for the trade-mark 
“Timken” on every bearing. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Canadian plant: St. 
Thomas, Ont. Cable: ‘*TIMROSCO”. 


Femail Sas This symbol on a product means 
— 


its bearings are the best. 








STATISTICAL 
QUALITY CONTROL 





To insure uniform high qual- 





ity and closer tolerances, the 
Timken Company uses sta- 





tistical quality control. With 
it, tolerance deviations are 





plotted graphically. It's one 
of industry's newest, most 





scientific methods of im- 
proving product uniformity 



































BEARING TAKES RADIAL 


AND THRUST 


LOADS OR ANY COMBINATION 





